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FOREWORD

The effort required to develop the Global Heference Atmospheric
Model was sponsored by the Atmospheric Sciences Division, Space Sciences
Laboratory, NASA Marshall Space Flight Center. This report represents
the latest developmental work on the model and was accomplished under
the technical monitorship of Mr. Orvel E. Smith, the NASA Contracting
Officer's Representative. Qualified requestors may obtain copies of
the computer program for this NASA/MSFC Global Reference Atmospheric
Model upon request to the Chief, Atmospheric Sciences Division, Space

Sciences Laboratory, NASA, Marshall Space Flight Center, Alabama 35812,
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1. INTRODUCTION

In response to needs for empirical model atmospheres of wider scope and
application, Georgia Tech developed, under NASA sponsorship, a Global
Reference Atmosphere Model (GRAM) with latitude, longitude, and monthly vari-

ations over a height range from 0 to 700 km (Justus, et al., 1974 a, b, 1975,

1976). This report describes additions to this model whereby winds can be
computed from a spherical harmonic model, based on observed wind data, rather
than using the geostrophic relations originally employed. This section
describes the basic GRAM model and Section 3 provides a more detailed
description of the GRAM program. Section 3 presents some sample results with
the new spherical harmonic wind model. Section 4 and 5 are user's manual

and programmer's manual section for the GRAM program.

1.1 Description of the Basic Model

The Georgia Tech Global Reference Atmospheric Model (GRAM), is an amalga-
mation of two previously existing empirical atmospheric models for the low
(<25 km) and high (>90 km) atmosphere, with an empirical latitude-longitude
dependent model for the middle atmosphere. The high atmospheric region
above 115 km is simulated entirely by the Jacchia (1970) model. The Jacchia
program sections are in separate subroutines so that later Jacchia models
(Jacchia, 1971) or other thermospheric-exospheric models could easily be
adapted and substituted into the program if required for special applications.
The atmospheric region between 25 km and 115 km is simulated by a latitude-
Tongitude dependent empirical model, which is a modification of the latitude
dependent empirical model developed by Groves (1971), described more fully

in this report. Between 90 km and 115 km, a smooth transition between the



modified Groves values and the Jacchia values is accomplished by a fairing tech-
nique. Below 25 km the atmospheric parameters are computed by a 4-D world-wide
atmospheric model developed for NASA by Allied Research Associates (Spiegler

and Fowler, 1972). Between 25 and 30 km an interpolation scheme is used between
the 4-D results and the modified Groves values. Figure 1.1 presents a schematic
summary of the Global Reference Atmospheric Model program atmospheric regions
and how they are modeled.

The modifications to Groves model to produce longitude as well as lati-
tude variations in the monthly mean were accomplished in two steps. For the
original version, upper air summary map data for monthly means at the 10 mb
Tevel for 1966 and 1967 (NOAA, 1969b) and the 2 and 0.4 mb Tevels for 1966,
1967, and 1968 (NOAA, 1969a, 1970, 1971) were read and converted to values for
the 30, 40, and 52 km levels. These upper air map values at the 2 and 0.4 mb
levels were extended around the entire northern hemisphere by subjective extra-
polation. For the earlier Mod 2 version of GRAM, additional 10 mb data for
1964 and 1965 (NOAA, 1967a) and 2 and 0.4 mb data for 1964 and 1965 (NOAA,

1967 b, c) and 1972 (NOAA, 1975) were also read and added to the earlier
data. The 1972 2 and 0.4 mb data extended into the eastern hemisphere, so
no extrapolation of it was necessary.. Next the 30, 40, and 52 km latitude-
longitude dependent values were extrapolated to 90 km by an extrapolation

scheme developed by Graves, (1973). A1l of the map-generated and extrapolated
data were converted to percent deviation from the longitudinal mean and these
are applied as deviations (called stationary perturbations) to the Groves
model values, which are taken as the Tatitude dependent longitudinal means.
The seasonal variations in the middle atmosphere (25-115 km) are assumed

to be the same in northern and southern hemispheres with a six months' phase
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4-D MODEL (SPIEGLER AND FOWLER, 1972)
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Figure 1.1 Schematic summary of the atmospheric regions in the Global
Reference Atmospheric Model (GRAM) program and the simu-
lation methods used for mean monthly values in each region



lag. That is, the southern hemisphere July is the same as the northern hemi-
sphere January. In the 4-D region (525 km) separate global coverage data
values are available for each of the twelve months. A set of annual reference
period data are also available for the 4-D and modified Groves regions. If
the annual reference period is selected, the Jacchia section sets the exo-
spheric temperature to 1000°K to represent annual mean conditions.

Below 25 km and above 90 km, the monthly mean geastrophic winds are
computed from horizontal pressure gradients, estimated by finite differences.
Near the equator, a newly devised interpolation scheme is used instead of
the geostrophic relation (which approaches infinite vaiues as the latitude
approaches zero). In the height range 25 to 90 km, the newly developed
spherical harmonic wind model is used, at all latitudes. Mean vertical winds,
of the order of 1 cm/sec, are evaluated from the slopes of isentropic sur-
faces and the horizontal advective winds. Wind shear in the monthly mean
horizontal wind is estimated from horizontal temperature gradients in the
regions below 25 km and above 90 km. In the 25-90 km neight range, mean wind
shear is computed from finite differences of the spherical harmonic winds at

adjacent height levels.

In addition to the monthly mean values of pressure, density and tempe-
rature, two types of perturbations are evaluated: quasi-biennial (QBO) and
random. The QBO oscillations in pressure, density, temperature, and winds,
empirically determined to be represented by an 870 cay period sinusoidal vari-
ation, have amplitudes and phases which vary with hcight and latitude. The
N8N emplitudes are primarily significant at Tow altitudes (- 20 - 40 km) at
equatorial latitudes and at higher altitudes (50 - 60 km) at higher latitudes.

For the earlier Mod 2 version, the QBO amplitudes and ohases were newly



evaluated from a larger data set, which included MRN data through 1972.

For realistic simulation of actual atmospheric parameter values as they
would 1ikely be at any given time, random perturbations are also computed and
applied as perturbations to the morthly mean values. The random perturbations
are evaluated by a simulation technique which uses empirical values of vari-
ation magnitudes and scales to generate random perturbations which have real-
istic space and time correlations.

Originally the perturbation model was characterized by a single vertical
scale and horizontal scale, and no attempt was made to insure compliance with
constraints on the perturbation magnitudes, required by the perfect gas law
(Buell, 1970) and hydrostatic equation (Buell, 1972). 1In an earlier report

(Justus and Woodrum, 1975), the revisions were described which improved the

data base of the perturbation magnitudes, and adjusted the magnitude profiles
to insure compliance with the Buell constraints. For the earlier Mod 2
version reported here, the use of a two scale perturbation model was implemented.
This model simulates separately the perturbations of small scale (e.q., turbu-
lence and gravity waves) and large scale (e.g., tides and planetary waves)
effects. These perturbations are treated stochastically, however--no deter-
ministic model of these physical processes is used.

The following sections give a technical description of the Global
Reference Atmospheric Model - Mod 3 with emphasis on the new additions, and

new users manual descriptions of the program aspects of the revised model.



2. TECHNICAL DESCRIPTION OF THE MODEL

2.1 The Jacchia Section

The Jacchia (1970) model for the thermosphere and exosphere was origi-
nally implemented to compute atmospheric density at satellite altitudes. The
Jacchia model accounts for temperature and density variations due to solar and
geomagnetic activity, diurnal and semi-annual variations, and seasonal and
latitudinal variations. The Jacchia model assumes a uniformly mixed composition
from sea Tevel to 105 km, with diffusive equilibrium among the constituents
(nitrogen, oxygen, argon, helium, and hydrogen) above 105 km. Fixed boundary
values for temperature and density are assumed at 90 km. Alterations, described
in Justus et al (1974 a), were made to allow atmospheric pressure to be computed
from the density and temperature. Geostrophic winds are evaluated in the
Jacchia section by computing horizontal pressure gradients with successive
evaluations of the Jacchia model at different latitudes and lonaitudes.

2.2 The 4-D Section (below 25 km)

The 4-D atmospheric model, developed by Allied Research Associates

(Spiegler and Fowler, 1972) was designed to extract from data tapes and interpo-

late on latitude and longitude, mean monthly and daily variance profiles of
pressure, density, temperature, at 1 km intervals from the surface to a height
of 25 km for any Tocation on the globe. The data tapes contain empirically
determined atmospheric parameter profiles at a large array of locations. The
northern hemisphere grid array is equivalent to the NMC grid network. Grics
spaced at 5 degree intervals of Tatitude and Tongitude are used in the equator-
ial and southern hemisphere regions.

Technical changes made in the 4-D program were: a modified latitude-



longitude interpolation method, previously described in Justus et al. (1974 a),

an adjustment routine to modify the variance to comply with the Buell con-
straints, and a check routine to determine vertical and horizontal consistency
of the 4-D data.

The method of application of the 4-D model in the GRAM program is as
follows: at the first time that atmospheric parameters at a location below
30 km are required, a set of atmospheric profiles of monthly mean and daily
variances of pressure, density, and temperature are generated at a 16 point
grid of locations spaced at 5 degree latitude and longitude intervals (a
slightly different grid is used near the poles). This grid of profiles, cover-
ing 15° x 15° of latitude-longitude is then stored in the computer and all
further atmospheric parameter values in the 0-25 km range are found by interpo-
lation between locations within this grid. If the trajectory goes outside this
grid while the height remains below 25 km, the program attempts an estimate of
the atmospheric parameters by an additional call on the routine which sets up
the 4-D data grid.

The ltocation of the grid points to be evaluated is determined dynamically

based on the position and direction of travel along the trajectory when the 4-D

grid is first required by a procedure described in Justus et al (1974 a). The

4-D data tapes normally contain data for the surface to 25 km in 1 km steps.

At locations where the surface is at more than 1 km above sea level the surface
value will be followed by one or more zero records, and the first non-zero
record above the surface value will be at the Towest integer km higher than

the surface. For example, if the surface is at 700 m then there will be data at
surface, 1 km, 2 km, etc., but if the surface is at 1.3 km the data will con-

tain the surface, one zero record, 2 km, 3 km, etc. In the Mod-3 version an



interpolation routine (based on the hydrostatic relation and constant lapse
rate altitude segments) is used to fill in data between sea level and the first
non-zero data above the surface. Interpolation is also used to fill in any
missing data immediately below the 25 km height. The basic interpo]atidn

equations were described in Justus et al (1974 a).

2.3 The Modified Groves Section (25 - 90 km)

The starting point for the middle atmosphere {25 - 110 km) is the lati-
tude dependent model of Groves (1971). This empirical model combines many obser-
vations from a wide range of longitudes. Observational results over approxi-
mately six years were used to compute longitudinal averages, which are presented
versus latitude and month. Latitude coverage of the Groves model is from the
equator to 70° or in some cases 80°. Southern hemisphere data were utilized in
developing the Groves model as northern hemisphere data with a 6-month change of
date. Tabulations of the Groves model are at intervals of 5 km in height, 10°
in latitude (northern hemisphere), and one month in time {southern hemisphere
displaced six months). 1If the Groves values of an atmospheric parameter y were

known up to 807 latitude, then the 90° latitude Groves value was computed from
Y9O = (4y80 - Y7O)/3 (2.])

If Groves values of the atmospheric parameter y were known only up to 70° lati-

tude, then the 80° and 90° latitude Groves values was computed from

Yo0 (9y5q - 4¥g0)/® (2.2)

y80 (SY7O - 3y60)/5 (2-3)

The Groves model data has only height and latitude variation for each

month. For longitude variation, the Groves model data is modified by longitude,



latitude, and height dependent stationary perturbations. These stationary
perturbations are derived, by methods described more fully 1in gg§§g§_g§“§1_(1974 a)
from 10, 2, and 0.4 mb map data and extrapolation up to 90 km. The stationary
perturbations were evaluated at longitudes 10°, 40°, 70°, ... 340° for latitudes
10°, 30°, 50°, 70°, and 90°.

Originally, only the 1966 and 1967 10 mb monthly mean values (NOAA, 1969 b)
were read and averaged. The 2 mb and 0.4 mb weekly mean maps for 1966, 1967,
and 1968 (NOAA, 1969 a), 1970, 1971) were read for the first week of each month,
and averaged over the three years. For the earlier Mod 2 version, additional
10 mb data for 1964 and 1964 (NOAA, 1967 a) and 2 and 0.4 mb data for 1964
and 1965 (NOAA, 1967 b, c¢) and 1972 (NOAA, 1975) were also read and added to

the earlier data.

After the upper air chart data were averaged, the next step was to con-
vert the readings to constant heights of 30, 40, and 52 km. This was done by
assuming that the temperature followed a constant lapse rate between each chart
level and the nearest interpolation altitude with lapse rates based on the Groves
mode].

In order to introduce longitude variability at heights above 52 km, the

extrapolation technique of Graves et al. (1973) was used to project the 52 km

interpolated chart data up to 90 km. The 5 extrapolation height levels are 60,
68, 76, 84, and 90 km.

After the chart data were interpolated to 30, 40, and 52 km and extra-
polated to 60, 68, 76, 84, and 90 km, the stationary perturbations (relative
deviations to be added to the Groves values) were calculated. At each altitude

and latitude the stationary perturbation s for a parameter y (which can repre-

y
sent pressure, density, or temperature) was computed by the relation



s, = (y -~ <y )/<y (2.4)

where <y> represents the Tongitude averaged value of y (i.e. averaged around a
circle of fixed Tatitude). Note that the definition of sy makes it be identi-
cally zero at the pole. The stationary perturbation sy for parameter y is

added to the Groves value Gy to produce the longitude variable modified Groves

value G'y, according to the relation

G'y = Gy(] + sy) (2.5)

The modified Groves values, determined by relation (2.5) are used as the monthly

mean values for the altitude range 30 to 90 km.

2.4 Interpolation and Fairing

The 4-D data are available on the data tapes at one km height intervals
and at 5° x 5° Tatitude-longitude grids in the southern and equatorial areas and
at the NMC grid locations in the northern hemisphere. NMC grid profiles are
always converted (by interpolation) to 5° x 5° grids before interpolation to the
trajectory locations. The general interpolation requirements for the 4-D section
are height interpolation over 1 km and latitude-Tongitude interpolation over a
5% x 5% square grid.

The Groves data are tabulated at 5 km height intervals and 10° Tatitude
intervals. Interpolation is required between these tabulated Tocations. The
stationary perturbations are evaluated at 20° latitude and 30° Tongitude inter-
vals and at 30, 40, 52, 60, 68, 76, 84, and 90 km altitudes. Interpolation be-
tween these tabulated locations is also required. For values between 25 k- and
30 km interpolation between the 4-p data and Groves-p]us-stationary—perturbation
data are required. The interpolations are always carried out in the program by

doing the latitude (Groves) or latitude-Tongitude (4-D) interpolation first, and

10



then doing the height interpolation.

The Jacchia model can be evaluated at any height above 90 km and at any
lTatitude and longitude, so no interpolation is required. However, between 90
and 115 km there is overlap between the Groves data and the Jacchia model, so a
fairing procedure is used to effect a smooth transition between the Groves data
at 90 km and the Jacchia values at 115 km.

The method used to interpolate pressure, density, and temperature over a
height interval between heights Z and Zy is to assume linear variation of the
temperature and of the-logarithm of the density. The latitude interpolation for
the Groves data is done by assuming Tinear variation between the latitudes 91
and 95 (which are at a = 10° apart). Two dimensional latitude-longitude
interpolation between a square or rectangular array of positions at latitudes

¢, and ¢, and west longitudes Ay and Ay, 1s done by the relation
Fles 2) = F o+ (F) - Fols + (Fp) - Fdas + (Fy - Fi - Fp + F )8 6x

where ¢ is (¢ - ¢])/(¢2 - ¢]) and &x is (x - A])/(Az - A]).
To accomplish smooth transition between the Groves values at 90 km and
the Jacchia values at 115 km a fairing technique is used. This fairing techni-

que was described in Justus et al (1974 a). The fairing is done only at the

altitudes 95, 100, 105, 110, i.e. heights for which there are Groves values.
Linear interpolation is then used to fill in the remaining heights, as discussed

in the height interpolation section above.

Interpolation of the random perturbation magnitudes is done linearly
on the variance (02) rather than linearly on the magnitude (o). This is
because the Buell adjustment equations (see Jater sections) are nearly linear in
the variances. Thus, once variances have been Buel] adjusted, their adjust-

ment would tend to be preserved by linear interpolation on variances, not

11



magnitudes.

2.5 Geostrophic Winds

The eastward (i.e., blowing toward the east) wind component u and north-

ward component v can be evaluated from the geostrophic wind equations

-(1/0f) ap/oy (2.6)

s
1l

<
1]

(1/0f) op/3x (2.7)

where o is the density, f is the Coriolis parameter (2 @ sin ¢) and 3p/ax

and ap/ay are the eastward and northward components of the horizontal pressure
gradient. For evaluation in the model, the pressure gradient terms must be
approximated by finite differences.

Geostrophic wind values are computed in the 4-D height range, by finite
differencing of the 4-D pressure data, and in the Jacchia height range by
evaluating the Jacchia model at 5 degree increments of latitude and longti-
tude and taking finite differences of the resulting pressure. In a recent
comparison between the GRAM-computed winds and observed winds at Eglin AFB,
Florida, the mean deviation was 1 m/s EW and -16 m/s NS, with an rms devia-
tion of 60 m/s between model and observed. Thus, the mean winds are modeled
with fair accuracy, and the rms deviation is about the same as the wind
perturbation magnitude expected on the basis of the GRAM perturbation model.

2.6 Thermal Wind Shear

The wind shear components 3u/3z and av/az in the 0-25 km and above 90

km height ranges are evaluated by the thermal wind equations

su/ez = -(a/fT) aT/3y (2.8)

(g/fT) 3T/3x (2.9)

Iv/dz

12



which is the usual form, leaving off a correction term in 31/3z, which is
normally small. The horizontal temperature gradient terms are estimated by
finite differences in a similar manner to the pressure gradient components
in equations (2.6) and (2.7).

Thermal wind shears are also computed in the Jacchia height range in a
manner similar to that described for the wind calculations. Again, however,
for the reasons already discussed, these values should not be taken as precise.

Since the ordinary geostrophic winds are inversely proportional to the
coriolis parameter f (which goes to zero at the equator), these relations give
unrealistically large winds at Tow latitudes. To overcome this problem
interpolation between about +15° and -15° latitude is used in the MOD-3
version of GRAM. This interpolation 1imit, being on the "minimum geostrophic
Tatitude," is specified in the program input.

2.7 The Spherical Harmonic Wind Model

The spherical harmonic equation, including terms through second order in

co-latitude (¢) and Tongitude (8), are:
u(m, z, 8, ¢) = ay Polu) + a, Py ()
+ [a3 cosé + a, sine] P]](u) + a5P2(u)
(2.10)

+ [a6 cos8 + a, sing] P21(“)

+ [a8 cos 20 + ag sin 26] P22(u)

where u = cos¢, m is month, z is height, u is either the wind component being
modeled, and the a coefficients all depend on both m and z. The Pij(“) are

Legendre functions given by

13



Polu) =1

Pl =

Polu) = (35172

Pyu) = (1 - W4/ (21
() = 31 - w97

Poylu) = 3(1 - v°)

With the substitution of (2.11) into (2.10), the spherical harmonic mode1

representation for a wind component becomes
ulm, z, 8, ¢) = ay *+ a, oSy + ay COSH sing

ta, sing sing + a5(3 c052¢ - 1)/2
(2.12)

+ a, cose (3 sing cose) + ay sing (3 sing cos¢)

6
t ag (2 cosze - 1) (3 sin2 b)) + ag (2 sine cose) (3 sin2¢)
If (2.12) is the representation of the eastward wind component, then a completely
analogous equation, with different coefficient values, is used to represent

the northward wind component. Appendix A describes the data and processes

used to evaluate the spherical harmonic coefficients which are used in the

GRAM MOD-3. Values of the spherical harmonic coefficients used in the program
are given in the "SCIDAT" data tape listing, in Appendix B.

Spherical harmonic winds are computed at all latitudes, within the height
range 25-90 km. Geostrophic winds are used at latitudes above a selected
"minimum geostrophic latitude," over the height ranges 0-20 and above 90. Smooth
fairing between spherical harmonic winds and geostrophic winds is carried out

between 20 and 25 km and between 90 and 95 km.

14



2.8 Mean Vertical Winds

GRAM also evaluates mean vertical winds from the slope of isentropic

surfaces. On such surfaces, the entropy function y is constant, where y is

Y = CpT + gz + (u2 + v2)/2 = const. (2.13)
Therefore, on isentropic surfaces
Y/t + udy/ax + vay/ay + way/sz = O (2.14)

and, if 3y/3t is assumed zero, the vertical wind w can be solved for as

w = -[uay/ox + vay/ayl/(ay/az) (2.15)

By differentiation of (2.13), with the assumption that u and v are the geo-
strophic winds ug and vg, and that su/3z and 3v/5z are given by the thermal

wind relations, (2.15) becomes
wo= -C [ug(aT/ax) + vg(aT/ay)]/
{g + Cp(aT/az) + (g/fT)[vg(aT/ax) - ug(aT/ay)]} (2.16)

Mean vertical winds evaluated by (2.16) are generally less than a cm/sec,
and hence are realistic values for the large scale mean vertical winds affect.

ing mean meridional circulation.

2.9 The Quasi-Biennial Perturbations

In the Mod-0 Global Reference Atmospheric Model, MRN data from 1964-
1969 were used to evaluate quasi-biennial amplitudes and phases in the
height range 25-65 km. The quasi-biennial period which produce minimum
variance, when simultaneously evaluating the annual, semi-annual, and quasi-
biennial variation, was found to be 870 days. For the Mod 2 version, the
harmonic analysis was done the same way with MRN data for 1970-1972 added

to the original data base. Again,the 870 day period was found to produce
15



minimum variance for the QBO winds, while a 900 day period did slightly
better for the thermodynamic variables. In order to retain a single period,
the original 870 day period was chosen as still the preferable value over-
all. The revised quasi-biennial magnitudes and phases are listed in the
nSCIDAT" data tape listing at the end of this report (Appendix B).

2.10 The Two-Scale Random Perturbation Model

The original single scale perturbation model in the Global Reference

Atmosphere Model (Justus et al., 1974 a) was evaluated by the following met-

hod: first the density perturbation pz' at the new location was computed

from o]' the density perturbation at the previous location by the relation
(02’/02) = A(O-I'/D]) + Br‘1 (217)

where 51 and 52 are the known mean densities at the previous and new positions,
A and B are determined from the required conditions, and ry is a random num-
ber selected from a Gaussian distribution with mean zero and unit standard de-

viation. The required conditions to be used in determining A and B are

<02| D]I> = R Op] Op2 (2.18)

<02'2> - 2 (2.19)

P2
where 91 and 92 are the known standard deviations in density at the prev-
ious and new location, and R is the known autocorrelation in density pertur-
bations between the previous and new locations. Next (with analogous nota-
tion as in (2.17) through (2.19), the new temperature perturbation was com-

puted by
(TZ'/Tz) = C(T]l/T1) + D(Ozl/az) + Erz (2-20)
In addition to the autocorrelation R (assumed the same for T' and p' in the

16



original one-scale model) the cross correlation (RpT)Z was also maintained
(through the coefficient D in equation (2.20)). The correlation (RpT)Z was
determined from the known standard deviations and means by the Buell (1970)

relation

-2 - 12 r 12
o Hopla/Bp1" - Lo )y/550° = [(op),/T,] (2.21)

2L(0,)5/5,1 [(og),/T,]

(R1);

Once the density and temperature perturbations were evaluated, the pressure

perturbation was determined via
(pzl/pz) = (02'/02) + (Tzl/Tz) (2-22)

which is a first order perturbation equation from the perfect gas law. In
the original single scale perturbation model, wind perturbation components u'
v' were assumed to be uncorrelated with each other and with the thermodynamic
variables, and hence were computed by relations analagous to equation (2.17).
In the original one-scale model, only the total perturbations are con-
sidered (e.g. p = 5 + p') while in the new two scale model the perturbations
are assumed to be made up of a large scale and small scale component (e.q.
p=p + P+ ps). To first order in the perturbations the state of the mean

atmosphere is described by

p = 6RT (2.23)
and the mean plus large scale perturbations by
(Prp) = (5+p)RT+T) (2.24)
and the actual atmospheric parameters p, o, and T by
P = oRT (2.25)

Division of equations (2.24) and (2.25) by p on the left and by 5 R T on the
17



right yields, to first order in the perturbations
pL/E = (QL/a) + (TL/T) (2-26)
p /b = (og/e) + (Tg/T) (2.27)

These results mean that the small scale and large scale perturbations each
separately must obey the Buell triangle relationships for their magnitudes.
Thus, analogous to equation (2.21), the correlations Ro T for large scale

L'L
perturbations and Rp T for small scale perturbations are given in terms of
S'S

their respective magnitudes by

=2 -2 2
e (o, /717 = fog /1 -
LI 2(s,, /5 (o1 /T) |
(o, 5% - (o /3)° - (o7 /)¢
Ry7. = T (2.29)
Ps's 2(o /6)(og /T)
S S

The large and small scale components are assumed to be independent so corre-

lations such as Rp T R T etc. are taken to be zero.

s'L PL's
The density perturbations oL and Pg at the new position are thus com-
2 2
puted from the known perturbations o and Ps at the previous position by
] 1
relations analogous to equation (2.17)
(pLz/o) = AL(pL]/o]) + BLrL1 (2.30)
(osz/o) = As(os]/p1) + BSTS1 (2.31)

where A , B, , A and B can each be determined (as before) from the conditions

18



<9L2 DL'|> = RL (Q) UpLz ch] (232)

2. _ 2
<pL2 > = GOLZ (2.33)
P P> = R (p)o_ o (2.34)
Sy $q S PSy pSq
2 2
©5,> T %L (2.35)

where the density autocorrelations RL (p) and R (o) are determined from the
known horizontal and vertical scale of the large scale and small scale pertur-

bations (see the following section on scales). Similarly, the temperature

perturbations are computed (anatogous to equation (2.20) by

(TLZ/TZ) = CL(TL]/T]) + DL(pLz/sz) + ELrLZ (2.36)

(TsZ/Tz) cS(TS]/T]) + Ds(psz/az) +Er (2.37)

2
where again DL and DS are determined by the required cross correlations R T

and Rp 1. at the new position, as computed from equations (2.28) and (2.29).

L'L
Once the density and temperature perturbations are computed, the pressure per-
turbations are evaluated from equations (2.26) and (2.27).

A further addition to the new model has been brought about by empiric-
ally evaluated corre]at1ons-RuLvL, Rusvs’ R“LDL’ and Rusps. The new method of
evaluating the velocity perturbation-components is somewhat analogous to that

employed for the temperature component. The equations used are

u = Fu +Gp +Hr
L2 L L] L L2 L'u

(2.38)
L

Fu +Gpo +Hr (2.39)

=
It
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and

I,v, +4Ju +Kr (2.40)
) Ly M, K v,

v = 1y +Jdu +Kr (2.41)

where the coefficients GL and GS are determined from the newly evaluated cor-
relations R and R , and the coefficients J, and J_ are evaluated from
U P sPs L s
the correlations RuLVL and Rusvs.
For evaluation of the coefficients C, D, and E in (2.36) and (2.37),
and the coefficients F through K in (2.38) through (2.41), these equations are

successively multiplied through by the perturbation quantities on the right-

hand side (see Appendix B in Justus et al, (1974 a)). The relations thus

established for the coefficients A through K (with analogous equations for

both large scale A - K and small scale AS - Ks) are

A = R(p) opz/op] (2.42)
8 = o [1- R%(p)]1/2 (2.43)
2
[1 - R%(T) RS ] 2.44
o] (2.44)
) - 2
D = [R(T) OTZUT] - C0T1]/(A RT1Q] 0T1) (2.45)
2 2 2 2 2
E = [o -C - D76 -
To Ty 77 e
1/2
2 ¢ D R(T) RT]O1 or. opz] (2.46)
F o= (°u2/°u1) {[R(u) - R(p) Ruzpz Ru]p1]
[1 - R%(p) RS 1) (2.47)
ey
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where the autocorrelations of density R (p),

(W oy, - F o, VIRG) R, o, )

1/2

2 FGR (p)R o o ]
U1py ep Yy

2

(OVZ/OV]) {[R(V) - R(p) Rv2p2 Rv]p]]/

2
0 - % ) R, 1)

(R0 0y, = 1oy VIR R, o, ]

172
21 JR (p)R s ]
Yoy P2 M

(2.48)

(2.49)

(2.50)

(2.51)

(2.52)

temperature R(T) and wind R(u)

(R(u) and R(v) are assumed equal), are determined from the horizontal and

vertical scales L

R(p)

R(T)

R(u)

7y Ly
o] P

exp { - [(Ax2 + Ay

T u

exp { - [(ax? + Ayz)/Lﬁ + AzZ/L§ 174
P

p

2)/Lﬁ + A22/L§ ]1/2}
T T

exp { - [ax® + ay?)nd + 02202 11/
u u

21

s LHT, LZu and LH by the relations

(2.53)

(2.54)

(2.55)



3. SAMPLE RESULTS
The ability of the GRAM program to model pressure, density, and tempera-

ture fields has been well documented in earlier reports (Justus, et al.,

1974 a, b, 1975, 1976). The results shown here are confined to the new
spherical harmonic wind model simulations of wind components in the 25 to 90
km height range. Figures 3.1 through 3.12 show observed and spherical
harmonic model winds at three Tow-latitude sites {Kwajalein, Ft. Sherman and
Ascension) at mid-latitude and high-latitude northern hemisphere sites
(Kennedy SFC, and Ft. Churchill, respectively) and at a southern hemisphere
site (Woomena), for the months of June and December. In all cases, the
spherical harmonic mode] winds are seen to reproduce fairly well the features
at the observed winds.

Data sources and methods used to evaluate the spherical harmonics appear
in Appendix A. The spherical harmonic coefficient values are given in the

SCIDAT tape listing in Appendix B.

22



100 T T TrTT1T T 71 T T T T TTT1T

80

Height, km
(o))
o
1

40 L

20 N N N N
-100 -50

100

Wind Speed, m/s

Figure 3.1. Observed (BE-W, @ N-S) and Spherical Harmonic Model
(QE-W, O N-S) Winds for June at Kwajalein.
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Figure 3.2. As in Figure 3.1 for Fort Sherman
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Figure 3.3. As in Figure 3.1 for Ascension.
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Figure 3.4. As in Figure 3.1 for Kennedy SFC.
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Figure 3.5. As in Figure 3.1 for Fort Churchill.

27



Height, km

]OOIilllllvlvrllll1ll

80["

N
]
1

a0}

20 ] S N RS N UNN TN N M |
-100 -50

Wind Speed, m/s

Figure 3.6. As in Figure 3.1 for Woomera.
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Figure 3.7. As in Figure 3.1 for December, Kwajalein.
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Figure 3.8. As in Figure 3.1 for December, Fort Sherman.
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As in Figure 3.1 for December, Ascension.
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Figure 3.10. As in Figure 3.1 for December, Kennedy SFC.
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Figure 3.11.

As in Figure 3.1 for December, Fort Churchill.
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Figure 3.12. As in Figure 3.1 for December, Woomera.
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4. USERS MANUAL

The Global Reference Atmospheric Model (GRAM) program is designed to
produce atmospheric parameter values either along a linear path (to be called
a profile) with automatically stepped constant height, latitude, and longi-
tude increments, or along any set of connected positions (to be called a tra-
jectory) which must be input individually into the program.

There are three general types of input to the GRAM program: (1) A set
of three cards, called the initial data, which contain the values of the prog-
ram options, the initial position, the profile increments, and other infor-
mation required before the calculations are begun, (2) A data tape (SCIDAT)
containing parameter values for the Groves (1971) model, the stationary per-
turbations (deviations from the Groves model, to produce longitude varying
monthly means), and random and quasi-biennial perturbation parameter values,
and (3) The data tapes with one data file for each month, containing pro-
files of monthly mean pressure, density, temperature, and their variances
from the surface to 25 km, for the entire globe. If it is desired to compute
atmospheric parameters along a trajectory instead of a linear profile, then
a fourth type of data - the trajectory times and positions - must be input.

In terms of program function, the major elements of the GRAM program
are the main segment (GRAM), the subroutine SCIMOD, which is a driver for all
of the atmospheric evaluation subroutines, and SETUP, a subroutine used to
read the SCIDAT data tape, and load the necessary starting conditions for
execution., Figure 4.1 shows a simpiified schematic of the main segment and
illustrates the function of the SETUP and SCIMOD subroutines.

Output of the GK*™ program consists of monthly mean pressure, density,

temperature, wind and wind shear, total (mean plus perturbation) values of
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Simplified flow chart of the GRAM program.
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pressure, density, temperature, winds, perturbation values, and magnitudes.
Complete discussion of the input, output, and program operation char-
acteristics for the GRAM program are given in the following sections of the

users manual.

4.1 The 4-D Data Tapes (0-25 km)

The description contained in this section was paraphrased from the

4-D program users manual (Fowler and Willard, 1972). For more information

on the 4-D section of GRAM, consult that document and Spiegler and Fowler

(1972).

The world-wide meteorological data set developed for the 4-D mode]
by Allied Research Associates is stored on three 7-track, 800 bpi binary
tapes Tabelled WWIA-WW3A. Each tape contains four files of data where one
file represents one month; WWIA contains months 1-4, WW2A contains months
5-8, and WW3A contains months 9-12. A 13th month containing the annual ref-
erence period has been added as a fourth tape.

Within each file are 3490 records representing the values at indi-
vidual grid points. These points are grouped into three grids: 288 points
on the northern hemisphere equatorial (EQN) grid; 1977 points on the north-
ern hemisphere (National Meteorological Center) grid; and 1225 points on
the southern hemisphere (SH) grid. On the NMC grid, the data were computed
at NMC points and stored in the order given by the NMC grid table shown in
the SCIDAT data tape listing in Appendix B. On the other two grids, the
data was given at 5° latitude-longitude intersections westward from the
Greenwich Meridian to 5° east. The EQN grid covers the latitudes from 0° to
159 north with points occurring in the following order: 1-4 = Lon. 0, Lat.
0, 5, 10, 15; 5-8 = Ton. 5W, Lat. 0, 5, 10, 15; ... 285-288 - Lon. 5° E,

Lat. 0, 5, 10, 15. The SH grid contains all data from 5° south to the south
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pole as follows: 1 = South Pole, 2-18 = Lon. 0, Lat. -5 to -85; 19-35 =
Lon. 5° W, Lat. -5 to -85; ... 1209 - 1225 = Lon. 5° E, Lat. -5 to -85. It
should be noted that the south pole is given only once, as the first point
of the SH data set.

Each record consists of 106 36-bit words where the first 104 words
contain the computed data for a point and the last two are identifiers.

A11 data values are multiplied by 100 and converted to integer; they are
then packed with two 18-bit values to a word. The data is arranged by Tevel
for each parameter; thus, the first 13 words contain the pressure means from
the surface to 25 km and the next 13 words contain the pressure variances
for the same levels. This pattern continues for the 26 levels of tempera-
ture means and variances, moisture means and variances, and density means
and variances.

word 105 contains the latitude and longitude of the point in question.
There are integer values that have been multiplied by 10; each occupies 18
bits of the word. The latitude is always positive (sirfce the southern
hemisphere is identified by grid), and the longitude is always west.

The last word contains three 12 bit integer values. The left-most
group of bits is the homogeneous moisture region in which the point lies,
the center group is the point number, and the right-most group of bits is
the month. It should be noted that the points are numbered within the grid
that contains them, and not by their location on tape. Thus the point num-
bers run from 1-288, 1-1977, and 1-1225, not from 1-3490. Figure 4.2 shows

the tape structure for one month.

4.2 The SCIDAT Data Tape

This section describes in detail the data contained on the SCIDAT

data tape. A listing of this tape, and a synopsis of the data contained on
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it are given in Appendix B.

NMC Grid Data. This data set gives the 4-D northern hemisphere point

number and the dual index for the corresponding NMC lTocation. The NMC grid
Tocations form an octagonal array, centered on the North Pole. The points
are at square grid Tocations on the polar projection used for the NMC grid.
A conversion between the latitude and longitude (treated as polar coordinates
on the flat NMC grid plane) and the NMC grid indices (treated as Cartesian
coordinates on the projection plane) is accomplished by a polar to Cartesian
coordinate transformation, via equations programmed into the 4-D model. The
NMC grid data on the SCIDAT tape merely establishes the equivalence between
the sequential 4-D NMC point number and the two-dimensional x-y NMC grid
point location. The NMC grid data constitute the first file on the SCIDAT
tape. An end of file marker appears on the tape at the end of the NMC grid
data. The NMC grid data file contains 396 FORTRAN readable records with

code "N" and 15 integers (A2, 1517 Format) in each record.

Groves Data. The Groves (1971) data for monthly mean pressure, den-
sity, and temperature are tabulated at 10 degree latitude intervals from O
to 90° for each month. The yearly average Groves data is coded as month 13.
The southern hemisphere data is the same as the northern hemisphere data dis-
placed by 6 months. Annual mean (month 13) data is the same for both north-
ern and southern hemispheres.

The format of the Groves data is the same as in Groves (1971) origi-
nal report, except that a prefix code P, D, or T has been added at the front
of each record. Each record contains the code, the month, the height in km
and the 0, 10, 20, ...,90O latitude values of the parameter expressed as a
three digit integer, with an exponent common to all of the values in the

field appearing at the end of the record. Thus a value of 276 with an expon-

40



ent at the end of the record of -6, would be the same as 276 x 10’6 =

2.76 x 10'4. Pressure data are in units of N/m2, density values are in
kg/m3, and temperatures are in °K. The Groves data set contains 702
FORTRAN readable records with 13 integer values (13I7) in each record
(following the code word P, D, or T, in A? format).

Stationary Perturbations. The stationary perturbations are latitude-

Tongitude dependent relative perturbations to be applied to the Groves val-
ues, considered to be the longitudinal mean value. Data for each of 12
months and for the annual reference period (month 13) are given for the
northern hemisphere latitudes. Southern hemisphere data are the same as the
northern hemisphere values displaced by 6 months.

Each record contains the code S, the month, the height in km, the
west longitude, in degrees, and then 15 values of stationary perturbations
in per mill (%/10). The first five of the values are for pressure pertur-
bations at Tatitudes 10, 30, 50, 70, and 90. The next five values are for
density, and the last five values are for temperature. The monthly mean val-
ue y. for parameter y at any latitude and longitude can be computed from the
Groves value Gy at the latitude and the stationary perturbation sy (in per

mill) at the latitude and Tongitude by the relation

Ym = 6, (1+5,/1000) (4.1)

Gy
Note that the stationary perturbation values at 90° latitude are always zero.
However, there is a place for 90° values on the data tape, so that if a sys-
tematic departure from Groves values is desired at the poles, a set of
stationary perturbation data reflecting this condition could be developed

and put on the tape. The stationary perturbations listed on the Mod-3 SCIDAT

tape have been revised, as described in Section 2, by the addition of data
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read from 1964, 1965, and 1972 upper air charts.

The Groves data and stationary perturbation data constitute the sec-
ond file on the SCIDAT tape. An end of file marker appears at the end of
the stationary perturbation data. The stationary perturbation code S data
consists of 1248 FORTRAN readable records, with 18 integer values (1817)
(following the code word S A2 format).

The Random Perturbation Data. Random perturbation magnitudes (stan-

dard deviations) are latitude dependent only. Each code R record has the
code, the month (1-13) and the height in km, followed by 15 values of random
perturbation magnitude, five for pressure (in per mill, at latitudes 10, 30,
50, 70, and 90), five for density, and five for temperature. These data
give the relative standard deviations op/p, Op/o, and cT/T, for use in the
random perturbation model.

The code RW data are similar, except that only ten wind values appear
in each record (after the code, month, and height): five for eastward wind
magnitude (in m/s at latitudes 10, 30, 50, 70, and 90) and five for north-
ward wind magnitude.

The code R and RW total perturbation magnitudes have been revised by

the incorporation of new data sources, as described in Justus and Woodrum,

(1975). The code R data have also been subjected to Buell (1970, 1972)

adjustment, also described in Justus and Woodrum (1975).

The code R and RW data constitute the third file on the SCIDAT tape.
An end-of-file mark appears on the tape at the end of the code RW data.
The code R data consist of 260 FORTRAN readable records with 17 integer
values (1717) in each record following the code word R (A2). For the
code RW data, there are 325 records with the code word RW and 12 integers

(A2, 1217).
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Large Scale Fraction Data. From daily difference analysis described

in Section 2, the fraction of the total variance (02 from code R and RW
data) contained in the large scale perturbations has been determined as a
fraction of height and latitude. Separate evaluations by month were also
made, but were not found to be significantly different from the annual aver-
ages. Therefore the SCIDAT tape contains only the annual average fraction
(expressed as per mill) of total variance contained in the large scale.
Large scale and small scale magnitudes o, and o, are computed from the
fractional data fL in per mi1l (code P for pressure, density, and tempera-

ture or code PW for winds), by the relations

/%, /1000 or (4.2)

oL

a

. /T - f| /1000 o (4.3)

where or is the total perturbation magnitude (code R or code RW data). The
code P and code PW data sets each contain 25 FORTRAN readable records, with
code word P or PW, followed by 17 integer values (A2, 1717) on each record.

Density-Velocity Correlations. Daily difference analysis described

in Section 2 was also used to evaluate the cross correlations Rup and RVp
for use in the velocity perturbation model (equations (2.38) - (2.41) and
(2.44) - (2.50)). Both large scale and small scale values of the density-
velocity correlations were evaluated, and are given on the SCIDAT data tape
(codes CL and CS) in per mill (i.e. divide by 1000 to get correlations in
the range -1 to +1).

The code P large scale fraction data and the code CS and CL density-
velocity correlation data constitute the fourth file on the SCIDAT tape. An

end-of-file mark appears on the tape at the end of the code CL data. The
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code CS and CL data consist of 50 FORTRAN readable records, with code word
CS or CL, followed by 12 integer values (A2, 1217) in each record.
The Quasi-Biennial Oscillation (QBO) Data. The QBO data consists of

height and latitude dependent amplitudes and phases for quasi-biennial vari-
ations in pressure (QP), density (QD), temperature (QT), and eastward and
northward wind components (QU and QV, respectively). The amplitude of the
QBO thermodynamic parameters are in per mi1l (%/10). The amplitudes of the
QBO wind components are in decimeters per second (0.1 m/s). The phases of
all of the QBO parameters are measured in days after January 0, 1966 for the
occurrence of the first maximum value. Since the period of the QBO varia-
tions is taken to be 870 days, the phases could vary from 0 to 870.

Each QBO data record contains the code, the height in km, the ampli-
tude and phase for 10° latitude, the amplitude and phase for 30° latitude,
etc. out to the amplitude and phase for 90° latitude. There are 80 FORTRAN
readable records in the QBO data set. Each record contains 11 integer values
followed by a code word (OP, QD, QT, QU, or QVv).

An end of file mark appears at the end of the code QV data.

The Spherical Harmonic (SP) Data. The spherical harmonic coefficient

data consists of values of the 9 spherical harmonic coefficients (equation
2.12) for both northward and eastward wind components. Each record consists
of the code (SP), the height (km), the month, and 9 spherical harmonic
coefficients (in cm/s). Eastward wind component coefficients are first,
followed by northward wind component coefficients.

A final end-of-file mark appears at the end of the SP data. Appendix
B gives a brief summary of the data on the SCIDAT tape and a listing of all

the values appearing in the tape records.
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4.3 The Initial Input Data

The initial input data consists of two free field (no set format with
commas after each number) cards containing initial position data, program
options, and other information required to begin computation, plus an optional
third free field card to give jnitial random perturbation data if random

perturbations are to be computed, plus an optional set of trajectory

position data cards (followed by a backup card), if trajectory positions

are to be read in rather than a linear profile generated automatically in
the program. Appendix C gives a brief summary of the input characteristics,
a summary of the data deck setup, and some sample input and output for the
program. The following gives a more detailed description of each program
input card.

Input Card Bumber 1. The first input card, read in by the main program

segment PROFILE in free field format contains the following information.
Designation R indicates real quantities, I denotes integer quantities.

1. Initial Height (R): The initial height in km for the beginning

point of the profile or trajectory. This can be any non-negative real num-
ber. Atmospheric parameters are never evaluated at the first position,
which is used only to establish the initial conditions.

2. Initial Latitude (R): The latitude of the initial position in

degrees, with southern latitudes negative. If the initial latitude, or any
subsequent latitude is greater than 90° in absolute magnitude, then a trans-

formation

lat (180° - |lat|)(lat/|1at]) | (4.4)

Ton + 180° (4.5)

Ton
is made.

3. Initial West Longitude (R): The west longitude of the initial
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position in degrees. East longitude can be put in as negative or converted
to 0 - 360° west longitude. If negative (east) longitudes are input they
are converted to the 0 - 3600 scale before being used by the program. At
any time during the run if a longitude gets outside the 0 - 360° range it
is put back into that range by adding or subtracting 360°, as necessary.

4. F10.7 QRQ: The solar 10.7 cm radio noise flux in units of 10‘22

watts/m2 (the normal units for this parameter) at the time for which the
atmospheric values are to be computed. This factor is used only in the
Jacchia section, so a value of zero can be used on input if the height never
goes above 90 km. A value of 230 for both design steady state conditions
and for maximum conditions may be used, or consult the Aerospace Environ-
ment Division (AED) of Marshall Space Flight Center (MSFC) for monthly pre-
dictions.

5. Mean F10.7 (R): The 81 day mean solar 10.7 cm radio flux. This

parameter is used in the Jacchia section to compute the nighttime minimum
global exospheric temperature (equation (14) in Jacchia, 1970). Use zero
if the height does not go above 90 km. A value of 230 may be used for both
design steady state or maximum conditions, or consult the AED or MSFC for
monthly predictions.

6. AP (R): The geomagnetic index ap, used to compute a geomagnetic
correlation to the exospheric temperature, in equation (22) of Jacchia,
(1970). Use zero if the height does not go above 90 km. A design steady
state value of 20.3 and a maximum condition value of 400 may be used for
ap, or consult the AED at MSFC for monthly predictions.

7.9. Date (I): The date, for the starting time of the trajectory

or profile evaluation in month/day/two digit year form, as three integer in-
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put values. The day of the month and the year have no direct effect on the
program calculations, except in the case of the quasi-biennial oscillation
terms. For the annual reference period, use month 13. The quasi-biennial
terms are automatically set to zero if month 13 is used. The month is used
to establish which Groves data, stationary perturbation data, and random
data (including large scale fractions and velocity-density correlations) to

lToad from the SCIDAT data tape into the working arrays. The program will
work more efficiently if multiple trajectories or profiles are evaluated

during one run operation and the months are the same. (This avoids repeated
look-up of the Groves, stationary perturbation, and random data from the
SCIDAT tape.)

10-12. Greenwich Time (I): The Greenwich mean time for the start-

ing position in hours, minutes, and seconds as three integer values. Only
the Jacchia section is directly affected by the time of day, so unless the
height goes above 90 km, the starting time would serve merely as a reference
parameter for the particular run being done. Greenwich time corresponding
to a local time of 0900 hours should be used for design steady state Jacchia
section conditions, and for maximum conditions the local time should be
taken as 1400 hours.

13. Latitude Increment (R): If a linear profile is to be generated

automatically this is the latitude increment (in degrees) between successive
profile positions. The new latitude would be the old latitude plus the
latitude increment. For a profile with decreasing latitude (going southward)
the increment must be negative. Use zero if separate trajectory position
input is to be read in. If a vertical profile (i.e. changing only height)

is to be evaluated, then use zero latitude increment.
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14. West Longitude Increment (R): If a Tinear profile is to be

generated automatically this is the west longitude increment (in degrees)
between successive profile positions. The new longitude will be the old
longitude plus the longitude increment. For a profile progressing eastward
use a negative increment. Use zero if separate trajectory position input is
to be read in. If a vertical profile is to be evaluated, then use zero

increment.

15. Height Increment (R): The height decrease in km between suc-

cessive positions, for an automatically generated linear profile. The pro-
files normally are generated downward (descending height). (New height =
old height minus the height increment). If an upward generated profile 1is
desired the height increment should be negative. Downward generated pro-
files will be evaluated until the height is incremented to a negative value
or until the maximum number of positions (item 16, 1st card) is exceeded.

16. Maximum Number of Positions (I): The maximum number of profile

positions to be generated automatically. This does not include the initial
position, for which no atmospheric parameters are evaluated. Use zero if
trajectory positions are to be read in.

17. Time Increment (I): The time displacement (seconds) between

successive automatically generated profile positions. This would normally
be set to zero, but could be used as a counter to be printed out in the

time position with the output. For trajectories the time for each position
is read in with the position data (see trajectory input section below).

The hours, minutes, and seconds parameters (read in as items 10-12, 1st
card) are updated according to the new time generated by the time increment.
However, only the elapsed time in seconds is printed out on the present out-

put.
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18. Trajectory Option (I): This option tells the program whether a

trajectory or a linear profile is to be evaluated. A value of 0 means a
linear profile is to be generated automatically from the parameters read on
the first card. A value greater than zero means that trajectory position
data must be read in to determine the positions at which atmospheric para-
meters are to be evaluated. The unit from which the trajectory data are to
be read is specified by the (non-zero) trajectory option. Thus, if trajec-
tory data are to be read in from cards, use a trajectory option of 5 (the
card input unit).

19. Output Option (I): This option tells the program whether or

not to produce non-print output of the atmospheric parameters (see the out-
put description section). Non-print (i.e. disk or cards) output is conven-
ient to use as input to plotter programs. A value of O means no non-print

output. A value greater than O means to output the data on the unit number

equal to the output option value.

20.  Minimum Geostrophic Latitude (R): Below this latitude (in

absolute magnitude) the second order geostrophic relations are used. Above
this latitude, or above 90 km, only the usual geostrophic relations are
used.

With normal numbers of decimal places and no unnecessary blank
spaces, the above 20 items should fit onto one card. However, if they
occupy more than the 80 columns allowed on one card, they may be spread
out onto two cards if the fo]Towing rules of free field input are observed
on the first of the two cards: (1) Do not put a comma after the last num-
ber appearing on the first card. (2) If the last number on the first card

is an integer, it should be right justified to column 80. For input on
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other computers, consult your operations manual for characteristics of free
field input,

Input Card Number 2. The second input card is read in by the sub-

routine SETUP and contains various unit numbers to be used and options con-
trolling the random and quasi-biennial calculations. The unit numbers are
the parameters used in read statements in the FORTRAN program to control
which file is being read from. The unit numbers are required in the input
in order to give maximum flexibility in choice of I1/0 devices for the pro-
gram. A1l input items on card number 2 are integers.

1. Groves Input Unit: This is the unit number of the SCIDAT tape

file. If the SCIDAT tape has been assigned by the UNIVAC control statements -
@ ASG, T SCIDAT, T, U1961 N
@ USE 3, SCIDAT
where U1961 is the reel number for tape SCIDAT, then the Groves input unit
number should be 3 on this input card. The Groves and stationary pertur-
bation data must be read from the SCIDAT tape. Later options on this card
allow the NMC grid data, the random perturbation data, and the quasi-bien-
nial data each to be read from other files.

2. Random Input Unit: This is the unit number for the random per-

turbation standard deviations (and the large scale fraction data and den-
sity-velocity correlations). If this unit number is the same as the Groves
input unit number, then all of the random perturbation data are read from
the SCIDAT data tape. Otherwise all of the random perturbation data are
read from the file for whatever the unit number is set to. For card input,
the unit number should be set to 5. The SCIDAT tape is read with NTRAN,

but if alternate random data are read in from a different file, the file
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must be FORTRAN readable with format

1X, A1, 12, 14, 3(1X, 514)
for the random pressure, density, and temperature data (see Appendix B and
Section 4.3 for which values must go in each record). For the random wind
data the FORTRAN readable format for the alternate data is

1X, A2, 12, 14, 2(1X, 514)

If the random data input unit is different from the Groves input
unit, then the code P and PW large scale fraction data and code CS and CL
density-velocity correlation data must follow (after an end-of-file) the
code RW data on the random input unit. The FORTRAN readable format for the
large scale fraction (code P) data is

1X, A1, I2, 14, 3(1X, 514)
The format for the code PW data is
1X, A2, 12, 14, 2(1X, 514)
The format for the CS and CL data is
1X, A2, 12, 14, 2(1X, 515)
See Appendix B and Section 4.3 for description of the values which must go
in each of these records.

A1l of the random perturbation data, random pressure, density, and
temperature data, random wind data, large scale fraction data, and density-
velocity correlation data must be read in from the same file, either all
from SCIDAT, or all from the alternate FORTRAN readable file.

3. QBO Input Unit: If the QBO data parameters are to be read in

from the SCIDAT data tape, this unit number is set the same as the Groves
input unit. If alternate QBO parameters are to be read in the QBO unit

number can be any FORTRAN readable file. Use Unit 5 for card input. The
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format for all of the alternate QBO input is

1X, A2, 13, 5(14, 15)
(See Appendix B and Section 4.3 for which data values must go into each
record). A1l of the QBO pressure, density, temperature, and wind data must
be read from the same file, either all from SCIDAT or all from the alter-

nate QBO input file.
4. 4-D Input Unit: This is the unit number for the 4-D data tape.

Any available unit number can be used. If the 4-D tape WWIA, containing
the January data, has been assigned by the control statements

@ ASG, T WWIA, T, U 2400 N

@ USE 4, WWIA
then the 4-D input unit number is 4.

5. Random Option: This option tells the program whether or not to

compute random perturbations. If the value is 1 random perturbations are
computed. If the value is 2 then random perturbations are not computed.
If any values other than 1 or 2 are input the run is terminated with a
message "ERRPR IN SETUP INPUT" and a dump of the parameters most recently
read in.

6. QBO Option: This option tells the program whether or not to
compute QBO perturbations. If the value is 1 QBO perturbations are com-
puted. For 2 no QBO perturbations are computed, and for any other values
the "ERR@R IN SETUP INPUT" and dump of most recent parameters read in is
given.

7. First Random Number: This number is required as a starting

parameter for the random number generating subroutine RAND. Any odd posi-

tive integer can be used. Use a value of 1 for a standard design appli-
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cation run. Provided all other input is the same, a given value for the
starting random number will always produce the same random perturbation
output. Therefore, to get a set of different perturbations along a given
single trajectory, a set of different starting random numbers should be
used. Note, however, that if any other parameters are changed (different
spacing along the trajectory, different starting position, etc.) then the
same starting random number will produce a different set of random pertur-

bations.

8. NMC Read Option: This option tells the program whether to read

the NMC grid data from the SCIDAT data tape (value 0 for the option) or from
an input card file (any non-zero value for the option).

9. 4-D Scratch Unit: In order to save array space the 4-D profiles

required to interpolate to the 5° x 5° grid locations are read from the
tapes to this scratch file rather than being put in?o arrays. The unit
number for this scratch file can be any available unit. Normally the file
is a temporary drum file, and, if so, does not (on the UNIVAC) have to be
assigned (@ ASG) before execution of the program.

10. NMC Grid Point Scratch Unit: Also in order to save computer

storage, the NMC grid point array read in from the SCIDAT tape (or from
cards) is stored in a temporary scratch file (usually on drum). If the
drum scratch file is used, it does not have to be assigned (on the UNIVAC)
before execution of the program.

Input Card Number 3. This card is read by the SETUP subroutine and

contains starting values for the random perturbation parameters at the
initial position. If random perturbations are not to be computed (Random

Option = 2), then this card should not be put in. A1l values of this free
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field format card are real. For a normal design application the values on
this card should all be zero, unless the run is to be a continuation of a
previously run trajectory or profile segment, in which case the output ran-
dom parameters of the last output position are input, and the last output
position becomes the initial position of the new run.

1-6. Initial PL, PS, DL, DS, TL, TS: These are initial values of

random relative pressure (p'/p), density (p'/p), and temperature (T'/f) in
percent for the large scale (L) and small scale (S) components. These are
starting values for the initial position. Use zero for standard design
applications.

7-10. Initial UL, US, VL, VS: [Initial values of the random east-

ward (U) and northward (V) random wind components in m/s for the large
scale (L) and small scale (S) components. Use zeros for standard design
applications.

Trajectory Input. The free field trajectory position input and back-

up record are put in only if a trajectory is to be evaluated, rather than a
linear profile, generated automatically in the program from information on

the first input card. There is no limit to the number of trajectory posit-
jon records which can be put in. The program continues evaluating the atmos-
pheric parameters and looping back to read a new trajectory position until a
position below the surface is reached, or until the trajectory backup record
is reached. Fach free field trajectory record has the time (integer seconds),
the height (kilometers), the latitude (degrees, southern latitude negativs;,
and the west longitude (degrees, 0-360° or east longitudes negative). Any
east longitudes read in as negative values are converted to the 0-360° sys-

tem before being used by the program. The trajectory backup record has the
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same free field form as a regular trajectory record, except any negative value
for height is used. The negative height terminates the loop which evaluates
atmospheric parameters and reads a new trajectory record. If a trajectory
height goes negative, then any remaining trajectory input cards are read and
ignored. The trajectory input can either be input from cards (trajectory
option = 5) or form any other unit (with trajectory option = unit number).

The trajectory option is item 18 on card #1.

4.4 OQutput of the Program

The first few Tines of print output are primarily a listing of the
input parameters. Following a heading which describes each output value for
the trajectory or profile evaluations, the position, time monthly mean and
total pressure, density, temperature, and winds are listed for each position.
The thermal wind shear for the monthly mean winds, the percent deviation
from the standard atmosphere (p, p» and t), the mean vertical wind and the
perturbation data are also given for each
position. The perturbation data consist of the stationary perturbations,
the quasi-biennial values at the position and time, the quasi-biennial mag-
nitudes, the random perturbation values, and the random perturbation stan-
dard deviations. Optional non-print (e.g. disk or punch) output for values
at each position is also available to be used for input to plotter programs,
or for other purposes.

Heading Information. Primarily the heading information contains a

listing of the input data values. However, there are some changes from the
values input. If an east longitude is put in as a negative value, -180° <
lat < 0°, then it is converted to a west Tongitude in the 0-36G range before

the heading is Tisted. The program evaluates the initial random pressure,
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density, temperature and wind standard deviations and the initial density
velocity correlation from data on the SCIDAT data tape, and lists the com-
puted values on the heading. The Julian date is computed by the program
from the input date and is also listed with the heading information. The
Julian date is required by the Jacchia and QBO sections of the program. If
month 13 (annual reference period) is input, then the Julian date is set to
zero. (The Jacchia section takes the exospheric temperature to be 1000° K
and the QBO section is bypassed if month 13 is input).

Position and Time Output. Positions and times as generated by the

automatic linear profile features or as input by the trajectory input cards
are listed on the output. The time is given in seconds. Within the program,
the input time in hours, minutes, and seconds are updated in that form also.
However, only a continuously increasing time in seconds is printed out. If
time in hours, minutes, and seconds were desired, these variables could
easily be printed out by adding them to the output list. All output west
longitudes are converted to the 0-360 range before being printed out. If a
latitude greater than 90° in absolute magnitude is generated (or input)

then a transformation

lat

(180° - [1at|)(1at/|1at]) (4.6)
Ton + 180° (4.7)

Ton

is made.

Monthly Mean Data. The monthly mean values of pressure, density, and

temperatures, consist of either: (1) values from the 4-D data tapes if the
height is below 25 km, (2) the sum of Groves plus stationary perturbation
values if the height is between 30 and 90 km, (3) an interpolation between

4-D at 25 km and Groves plus stationary perturbations at 30 km if the height
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is between 25 and 30 km, (4) Jacchia model values if the height is above
115 km, or (5) faired values between Groves and Jacchia if the height is
between 90 and 115 km.

The percent deviations from the U.S. 1962 Standard Atmosphere are
evaluated by using standard atmosphere values computed by the subroutine
STDATM. The percent deviations are evaluated by the relations 100(T - Ts)/
TS, 100(p - ps)/ps, and 100(p - ps)/ps, where the subscript s refers to the
standard atmosphere values. This subroutine accurately reproduces the tabu-
Tated U.S. Standard Atmosphere 1962 values to within an accuracy of better
than 0.2% above 90 km. The STDATM values are based on a model of parabolic
segments for the height variation of the molecular weight above 90 km. The
subroutine reproduces the tabular values even more accurately in the height
region below 90 km, where the molecular weight is constant. Since the U.S.
1962 Standard Atmosphere is not defined above 700 km, the percent deviations
printed out for heights above 700 km are zero.

The thermal wind shear values are values of 3u/sz and av/sz for the monthly

mean geostrophic wind (see Section 2). The wind values, computed from the

usual geostrophic wind equation or the second order geostrophic relation if
the Tatitude is less than the input value of minimum geostrophic latitude,
are determined by horizontal gradients of the monthly mean pressure. The
thermal wind shear components, computed by the thermal wind equations, are
determined by the horizontal gradients of the monthly mean temperature.
Thus, a comparison of numerically differentiated geostrophic mean winds and
the thermal wind shear serve as a check of the mean pressure and temperature
fields. The mean vertical wind is evaluated, as described in Section 2, by

combinations of horizontal and vertical temperature gradients and the geo-
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strophic winds.

The Total (Mean Plus Perturbation) Data. The parameter values listed

under the heading of "Mean Plus Perturbations" are the monthly mean values,
as defined above, plus the random perturbations, plus (if the height is be-
tween 10 and 90 km) the quasi-biennial perturbations. These mean-plus-per-
turbation values represent values which would be typical "instantaneous"
values of the pressure, density, temperature or winds. The percent devia-
tions from the U.S. Standard atmosphere are computed in the same way as for
the percent deviations of the monthly mean values from the standard atmos-
phere.

Perturbation Values. The data under the "Perturbation Values" head-

ing are the various perturbation values, magnitudes, and amplitudes. The
stationary perturbations (denoted SP on the printout) are defined only if the
height is between 30 and 90 km. The monthly mean Y of parameter y should

be the Groves value Gy, evaluated from the SCIDAT data tape, modified by the

given stationary perturbation value sy, in percent, by the relation

Yg = Gy (1 + sy/]OO) (4.8)

The data labeled "QBO" are the values of the QBO oscillation at the output
time and position. The data labeled "MAG" gives the magnitude of the QBO
oscillations at the output position and time. The (QBQ perturbation values
should always be less than or equal to the magnitude values in absolute
value. The data labeled "RANL", "RANS" "RANT" are the large scale, small
scale and total random perturbations evaluated at the output time and plac~.
The data labeled "SIGL", "SIGS", and "SIGT" are the standard deviations of
the large scale, small scale, and total random components at the output time
and positions. According to the Gaussian distribution, on which the random

perturbations are based, the perturbation values should be within the range

(S5}
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+ o 68% of the time and outside the range + o 32% of the time. Similarly,
the perturbation values should be within the range + 20 95% of the time,
and outside the range + 20 5% of the time. The evaluation of the QBO and
random perturbation output can be suppressed by the QBO and random options,
if desired.

Non-Print Qutput. The non-print output is available as an option,

controlled by the input value of the output option parameter. If non-print
output is desired, it comes out in the form of records with format F5.1,
F6.2, F7.2, 2F5.1, 3F5.0, 5F5.1, 2E10.3, 15, I3 containing the following
information: (1) the height in km, (2) the latitude in degrees, (3) the
west longitude in degrees 0-360, (4-5) the percentage deviation of the mean
monthly values of pressure and density from the 1962 U.S. Standard Atmos-
phere, (6) the monthly mean temperature, (7-8) the eastward and northward
components of the monthly mean (geostrophic) wind, (9-13) the magnitudes
of the total random perturbations in pressure, density, temperature (per
cent, and eastward and northward wind (m/s), (14-15) the monthly mean pres-
sure (N/mz) and density (kg/m3), (16) the time, in seconds, and (17) the
month (with 13 indicating annual mean).

4.5 Program Diagnostics. There are several possible reasons which

can cause the printing of diagnostic messages and termination of the run dur-
ing the SETUP phase. If, during the setup procedure, the NMC grid point
number data table does not contain the required 1977 values, a message

Diagnostic 1: "N REC@RDS WRITTEN BY SETNMC IN SCRATCH FILE M" is printed,

and EXECUTION IS TERMINATED. This situation should only arise if the NMC
grid point table is being read from cards, rather than the SCIDAT data tape.

If during the reading of the SCIDAT data tape, any record is read which does
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not have the expected code character or characters (N, P, D, T, S, R, RW, P,

PW, CS, CL, QP, QD, QT, QU, QV, or SP; see Appendix B), then the message results

Diagnostic 2: "ERROR IN SETUP INPUT" followed by a listing of the latest

data values read in. This message is also produced if the random option and
the quasi-biennial option do not have a value of either 1 or 2. Any condi-
tion which results in this error message terminates the execution.

There are also general conditions which could result in diagnostic
messages in the 4-D section: If during the reading of the 4-D data tape on
the first access of the region below 30 km, a parity error is encountered,

a message

Diagnostic 3: "“INPUT UNIT N@. M IN ERR@R (-3) FPR RECPRD N@ N" is printed -

execution continues. Such an error will only be of consequence if the parti-
cular record read is required for interpolation. If an end of file is read,
a message is written

Diagnostic 4: "***** UNIT NP. JT IN ERR@R IRC REC@RDS READ

IREAD(IRN, 3) + XXXX MP = XX MPNTH = XX IP = XXXX IPT(I, J) = XXXX IRN = XX
M STATUS L"
Where

JT = Unit on which 4-D data tape is mounted

IRC = Total number of records read thus far from 4-D tape

IREAD(IRN, 3) = Sequential point number selected by SELEC4

MP = Month word in last record read

MPNTH = Run month

IP = Point number word in last record read

IPT(I, J) = Point number required for profile J to be interpolated
to Ith requested profile

IRN = Sequential point number required
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M

Unit status (READ)
L

NTRAN status (-2 for end of file, -3 for parity, etc.)

and EXECUTION IS TERMINATED

If IRC > IREAD(IRN, 3), the diagnostic message 4 is written - L should
be 106, and IRC and IREAD values should indicate this condition. EXECUTI@N
IS TERMINATED.

If MP # M@NTH, or IP # IP(I, J) the diagnostic message 4 is printed,
again with L = 106, and MP/MONTH or IP/IP(I, J) indicating error. EXECUTI@N
IS TERMINATED.

The writing of scratch file SCRCH]1 with data for subsequent unpacking
and interpolation is also checked. If there is a write error, the diagnostic
4 is printed, with JT the scratch file unit number, M as WRITE and L as -3
or -4, EXECUTI@N IS TERMINATED.

These diagnostics can arise if a bad or wrong 4-D data tape is being
accessed, or if there is a malfunction of the tape drive. In some cases a
tape will, for example, indicate parity errors when being read from one tape
drive, but not another.

If, during the course of evaluation of position in the 4-D height
range, it is found that the position is outside the previously established
4-D grid, then a new grid is generated by calling GEN4D. If this occurs

again, the message results

Diagnostic 5: "UNABLE TO GENERATE 4-D GRID" and EXECUTI@N IS TERMINATED.

The wind diagnostic symbol (asterisk), has also been added to the pro-
gram. Presence of the asterisk between the E-W and N-S wind components aon
the print output indicates a diagnostic condition yielding questionnable

wind values. The conditions which can produce this is a 4-D data consis-
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tency check violation (i.e., unrealistic scale heights or unrealistic hori-

zontal pressure gradients) within the 4 x 4 grid of 4-D data profiles.

Diagnostic 6: '"PREMATURE END-OF-FILE FOUND ON UNIT M"

“CALLED FROM SUBROUTINE XXXXXX"

And end-of-file mark was encountered before it was expected by one of

the following subroutines while it was loading the associated data.

XXEXXX
GETNMC
RTRAN

RTRANI
RTRAN?Z

DATA

NMC GRID DATA

STATIONARY OR RANDOM PERTURBATION DATA
GROVES DATA

QBO DATA

UNIT m refers to the input unit number. This error should never occur

while using the SCIDAT data type as the data source.
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5. PROGRAMMERS MANUAL

5.1: Description of Subroutines

The following is a brief description of each of the PROFILE program
subroutines, in alphabetical order:

ADJUST:  Adjusts the 4-D profiles of pressure, density, and temperature
variance (read from the 4-D tapes) to satisfy the Buell constraints
imposed by the perfect gas law and hydrostatic equation

CHECK: A consistency check routine for the 4-D 16 profile grid data pro-
duced by GEN4D. CHECK is called for each height to be evaluated,
and tests for reasonable values of scale height immediately above
and below that height. It also tests for reasonable horizontal
pressure gradients. Failure of either test produces the diag-
nostic asterisk between the output values of wind components.

CORLAT:  Evaluates the horizontal and vertical scales for large and small
scale density, temperature, and wind components, computes the auto-
correlations and cross correlations for the two scale perturbation
model, and evaluates new perturbation values having appropriate
correlations with the perturbations at the previous position.

DIAGEQ: A matrix diagonalizing procedure used by the ADJUST subroutine.

FAIR: Fairs between the Groves and Jacchia values in the 90 to 115 km
height range.

GEN4D: Generates the polar (|latitude| > 75°) or non-polar (16 5° x 5°
points) grid of pressure, density, temperature and variance pro-
files. See Figure 5.1 for a flow chart of this subroutine.

GETNMC:  Reads the NMC grid point values from the SCIDAT data tape or from
cards and loads them onto a scratch file. This subroutine is
essentially unchanged from the subroutine of the same name in the
original 4-D program.

GRAM: The main segment of the Global Reference Atmospheric Model program.
The main segment serves as a driver for the SETUP and SCIMOD sub-

routines.
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SUBROUTINE

GEN4D
DETERMINE LOCATION
OF 4 x 4 GRID
CALL GRID4D
LOOP THRU ) . END OF LOOP [~ CALL
ALL PROFILES ™= ADJUST
l
RETURN
DATA
MISSING
AT TOP?
DETERMINE HV
(HIGHEST VALID
ALTITUDE)
| < ES mwo -
CALL GTERP CALL GTERP
(30 KM) (25 kM)
Y
CALL PDTUV FOR A ToTeRe R
STATIONARY
PERTURBATIONS
(30 KM)
o EVALUATE o'S
CALL INTER2 FOR ? FOR HV TO 25 KM
HV to 25 KM
Y
—%

Figure 5.1: Simplified flow chart of the GEN4D subroutine.
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GRIDAD:  After array of 4-D grid lat-lons has been evaluated, this subrou-
tine Tooks up the data from the 4-D data tapes and interpolates
to determine profiles of pressure density, temperature, and var-
iance at the 4-D grid locations. Profiles to be interpolated to
4-D grid locations are loaded onto a scratch file from the tapes
before the interpolation is done.

GR@UP A subroutine, called by CHECK, which groups the 16 4-D pressure data
at the given height into one or more groups which have consistent
and reasonable horizontal pressure gradients within each group.

If the subsequent geostrophic wind ca1cu1ations in WIND use hori-
zontal pressure gradients evaluated from differences across incon-
sistent groups of 4-D data, the diagnostic asterisk is printed be-
tween the output values of wind components.

GTERP: Uses Tinear latitude interpolation and linear temperature and
linear 1bgarithm of density interpolation on height to evaluate
Groves data to a given latitude and height. See Section 5 of
Justus et al (1974a).

INTERW:  Two variable linear interpolation between known value Ul and V1 at
Z1 and U2 and V2 at Z2 to determine U and V at Z, where Z is be-
tween 71 and 72,

INTERZ:  Three variable interpolation, 1inear on temperature, and gas con-
stant (R = p/pT), and linear on the logarithm of pressure, with
pressure computed from perfect gas law and interpolated tempera-
ture and density, and gas constant.

INTER2:  Three variable interpolation, linear on all three variables.

INTER4: Interpolates between the pressure, density, and temperature pro-
files at the 4-D grid locations. This subroutine calls subroutine
INTLL to do the latitude interpolation.

INTLL: One variable interpolation between values in an array of latitude
and longitude locatioms by equation (5.6) of Justus et al (1974a).
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INTRP4:

INTRUV:

JAC:

JACCH:

NORMAL :

PDTUV:

PERTRB:

PHASE:

QBOGEN:

RAND:

RIG:

RTERP:

The subroutine for the latitude-longitude interpolation of values
from the 4-D data tapes into the 4-D grid array. This is a modi-
fication of the INTERP subroutine of the original 4-D program.

Evaluates the standard deviations of the random wind components at
given height and latitude by calling INTERW subroutine.

Calculates the molecular weight, density, and temperature for the
Jacchia model.

Main subroutine of the Jacchia section, serves as a driver for JAC
and other Jacchia section subroutines. JACCHIA also evaluates the
seasonal and latitudinal variations in the Tower thermosphere.

Computes two independent random numbers selected from a Gaussian
distribution with mean zero and unit standard deviation.

Interpolates the stationary perturbations on latitude and longitude
at a given height. This subroutine is similar to INTLL.

Evaluates the pressure, density, temperature and wind component
random perturbations by the correlated random perturbation model
discussed in Section 8 of the technical description section of the
report.

A linear height-latitude interpolation routine for the quasi-bien-
nial phase. The interpolation properly accounts for the phase
discontinuity between 0 and 870 days (the quasi-biennial period).

Computes the QBO perturbation values and their amplitudes and phases.
The amplitudes and phases of the QBO pressure, density, temperature,
and wind perturbations are interpolated from the amplitude and phase
data from the SCIDAT data tape, by calling the INTERZ and INTERW
subroutines.

Produces a random number selected from a uniform distribution be-
tween 0 and 1. This is required as input to the subroutine NORMAL.

Computes the acceleration of gravity and the radius from the cen-
ter of the Earth for a position at a given latitude and height.

Computes the standard deviations of the random pressure, density,
and temperature perturbations by calling subroutine INTERZ.
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RTRAN:

SCIMOD:

SELEC4:

SETUP:

SORT4:

SPHERE:

STDATM:

TINF:

TME:

WIND:

This subroutine contains several NTRAN read sections with multiple
entry points coming from subroutine SETUP. The NTRAN read state-
ments are for reading the SCIDAT data tape.

The heart of the GRAM program. This subroutine branches on

height to evaluate the atmospheric parameters by the Jacchia, the
modified Groves, or the 4-D methods. The QBO and random pertur-
bations are also evaluated and the output is printed (and option-
ally also punched) by the SCIMOD subroutine. See Figure 5.2 for a
flow chart of the SCIMOD subroutine and Figure 4.1, for a flow
chart showing how SCIMOD fits into the overall GRAM prog-

gram.

Selects the 4-D data needed for interpolation. This subroutine
is a modification of the INPUT subroutine of the original 4-D pro-
gram.

This subroutine reads in the NMC grid points with the GETNMC sub-
routine and reads and loads the data from the required month on

the SCIDAT data tapes into arrays. See Figure 5.3 for a flow chart
of the SETUP subroutine, and Figure 4.1 for a flow chart showing
how SETUP fits into the overall GRAM program.

Sorts the 4-D locations for sequential tape reading from the 4-D
data tapes. This subroutine is a modification of the SORT subrou-

tine from the original 4-D program.

Called by WIND, this subroutine evaluates the wind components by the
spherical harmonic model.

Evaluates the 1962 U.S. Standard Atmosphere values of pressure,
density, and temperature, at any given height up to 700 km.

This subroutine computes the exospheric temperature for the Jacchia

model.

This subroutine calculates the variables necessary for input into
the subroutine TINF in the Jacchia model.

This subroutine evaluates the geostrophic winds from input values
of horizontal pressure gradient if the height is less than 25 km
or more than 90 km. If the latitude is below the minimum geo-
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strophic latitude, it evaluates geostrophic wind at minimum geostrophic
north latitude and at minimum geostrophic south latitude and then
interpolates in between, If the height is between.25 and 90 km,

the spherical harmonic wind model is used. Between 20 and 25 km

and between 90 and 95 km, a smooth fairing between geostrophic and
spherical harmonic wind is used.

The UNIVAC tape reading library routine NTRAN is not available on all
compute?s. However, a similar function (reading 36 bit binary integer arrays
in tape records) can be performed easily by alternate program techniques.

For example, on Georgia Tech's CDC Cyber 74 system, this function is done by
BUFFER IN statements. These routines are»used to read the SCIDAT and 4-D
data tapes. Also the FLD function, a UNIVAC Tibrary routine used to divide
the 36 bit 4-D tape words onto 2 18 bit integers, must also be programmed

by alternate methods on non-UNIVAC machines. On Georgia Tech's CDC machine,
this is done by specially written subroutines (WRDCHG, RFLD, and FLD) which
utilize the SHIFT and MASK bit manipulating CDC library routines.

If the GRAM program is mapped without segmenting the program, it requires
approximately 80 K decimal words core storage on Georgia Tech's CYBER. In order
to take up less core storage (e.g., be accommodated into smaller core partitions),
the program can be mapped in segmented form. An efficient segment of the
program can be accomplished by subdividing the program into a primary seg-
ment, a setup segment, a Jacchia segment, and a 4-D segment. The primary
segment should contain CORLAT, GRAM, GTERP, INTERW, INTERZ, INTERZ, INTRUV,
NORMAL, PDTUV, PERTRB, PHASE, QBOGEN, RAND, RIG, RTERP, SCIMOD, SPHERE, STDATM,
and WIND. The setup segment should contain: GETNMC, RTRAN, and SETUP. The
Jacchia segment should contain: FAIR, JAC, JACCH, TINF, and TME. The 4-D
segment should contain: ADJUST, CHECK, DIAGEQ, GEN4D, GRID4D, GROUP, INTER4,
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SUBROUTINE
SETUP
r 3

EVALUATE CULIAN DAIEJ

NSAME - 17

¥

¥1 - MONTH (N. HEMISPHERE]
M2 = MONTH + 6 (S. HEMISPHER

CALL GETNMC

—

MOVE PAST EO iTiéh MOVE PAST
A N_SCIDAT
ON SCIDAT STATIONARY ON 26l

PERTJRBATIONS

NTRAN

P P READ
< < RANDOM
- PERTURBATIONS
MOVE PAST £OF A A 4
ON SCIDAT
FORTRAN READ
< < RANDOM
2 TOPR = 7 h PERTURBATIONS
SET RANDOM PLRBUPBATIONS <
IER
1 NTRAN 0z
SET LARGE READ LARGE
SCALE FRACTION YES | SCALE FRACTIO|
DATA TO ZERO TUR = 1067 DATA
NO
BET DENSITY-
WIND CORRELATIONS '
FORTRAN READ
TO ZERO LARGE SCALE NTRAN
FRACTION DATA READ
DENSITY WIND
| CORRELATIONS
¥ FORTRAN READ
DENSITY = WIND
CORRELATIONS
MOVE PAST
EOF ON
SCIDAT TAPE CONVERT TO
RELATIVE
DEVIATIONS
2 1 YES /N TRan
10PQ = ? 1uQ = IUG? READ
Q80 A EVALUATE
SET INITIAL
280 RANDOM

10 SIGMAS
RO FORTRAN READ| JJMOVE PAST £0F] |
QB0 ON SCIDAT
Agjr RETURN

Y

Figure 5.3: Abbreviated flow chart of the SETUP subroutine.
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INTLL, INTRP4, SELEC4, and SORT4.

The following MAP statement for file GRAM

to create absolute element ABS will accomplish the mapping of the program

with these segments setup as described:

@MAP, IS . GRAM. ABS
IN GRAM. CORLAT,
IN GRAM. INTERZ,
IN GRAM. QBOGEN,
IN GRAM. SCIMOD,
NOT TPF$
SEG SETUP*
IN GRAM.
NOT TPF$
SEG JACCH*, SETUP
IN GRAM. FAIR,
NOT TPF$
SEG SEG4D*, SETUP
IN GRAM. ADJUST,
IN GRAM. GEN4D,
IN GRAM. SELEC4,
NOT TPF$
END

GETNMC,

GRAM,

INTRUV,
RAND,
SPHERE,

RTRAN,

JAC,

CHECK,

" GRIDAD,

SORT4,

"RIG,

GTERP,
NORMAL,

STDATM,

SETUP

JACCH,

DIAGEQ
INTER4,
GROUP

INTERW, INTERZ
. PDTUV, PERTRB,
RTERP
WIND
TINF, TME
INTLL, . INTRP4

This segmented map saves approximately 4 K (decimal) in core storage, but

does not significantly affect run time, since the segments being overlayed

(the setup, Jacchia, and 4-D segments) only have to be loaded in once during

any given trajectory or profile evaluation.

If further reduction in size is

desired the 4-D segment can be subdivided into two parts, one containing

only CHECK, GROUP, INTER4, and INTLL and another segment containing ADJUST,

DIAGEQ, GEN4D, GRID4D, INTRP4, SELEC4 and SORT4.

storage, approximately.

This saves another 1 K in

Some characteristics of some of the subroutines in each of these seg-

ments are described more fully in the following sections.

5.2: The Primary Section

This section consists of the main program segment GRAM, the SCIMOD

subroutine, the subroutines for evaluating Groves values, the stationary per-

turbations, the QBO and random perturbations, and general interpolation sub-
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routines. With the exception of GRAM and SCIMOD the parts of this section
were adequately described in the previous section.

Many of the subroutines transfer their input and output via COMMON
statements. This procedure saves much in core storage space. The discussion
in this and subsequent sections describes the input and output of some of
the subroutines, both by argument lists and via COMMON statements.

Main Segment GRAM. This program serves as a driver for the SETUP and

SCIMOD subroutines (see Figure 4.1). It reads one card, the first input

card, in free field format. This card contains:

1. The initial height H1
2. The initial latitude (degrees) PHI1
3. The initial west longitude (degrees) THET1
4. The F10.7 solar flux F10
5. The 81 day mean F10.7 solar flux F108
6. The ap geomagnetic index AP
7-9. The date month/date/2 digit year MN/IDA/IYR

10-12. The Greenwich time hours: minutes:
seconds IMRO; MINO; ISECO

13-15. The latitude, longitude, and height
increments DPHI, DTHET, DH

16. The maximum number of profile positions NMAX

17. The time increment between profile

positions INCT
18. The trajectory option I0PT
19 The output option 10PP
20. The minimum geostrophic latitude GLAT

The trajectory input records (if used) are also read by GRAM, after control

has returned from SETUP, which reads the second and third initial data in-
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put cards. See Section 4.4 and Appendix C for further description of the
card input.

The COMMON "IOTEMP" transfers data from the card input in GRAM to the
other subroutines called by GRAM (SETUP, SCIMOD, and RIG).

Subroutine SCIMOD. This program is the primary subroutine of the GRAM

program. It serves as a driver for all of the various sections of the atmos-
pheric evaluation. See Figure 5.2 for a flow chart of this subroutine.

The input to SCIMOD, transferred by COMMON statements IOTEMP and PDTCOM,

is:
1. Acceleration of gravity (m/secz) G
2. Earth radius to height H (km) RI
3. Height (km) H
4., Latitude (radians) PHIR
5. Longitude (radians) THETR
6. F10.7 solar flux F10
7. Mean F10.7 solar flux F108
8. Geomagnetic index ap AP
9-11. Date MN/IDA/IYR
12-14. Time IHR: MIN: ISEC
15. Previous height (km) H1
16. Previous latitude (radians) PHITR
17. Previous longitude (radians) THETIR

18-20. Previous random pressure, density, and
temperature perturbations (%), large
scale (L) and small scale (S) RP1L, RDIL, RTIL, RP1S, RDIS, RTIS

21-23. Previous random pressure, density, and
temperature standard deviations (5),

large scale (L) and small scale (S) SP1L, SDIL, STiL, SP1S, SD1S, STI1S
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24-25. Previous random winds (m/s), large
scale (L) and small scale (S) RUTL, RVIL, RU1S, RV1S

26-27. Previous standard deviation of random
winds (m/s), large scale (L) and small
scale (S) SUTL, SVIL, SU1S, SVIS

The COMMON "PDTCOM" contains data transferred into SCIMOD from SETUP.
The COMMON "IOTEMP" transfers data in from GRAM. The COMMON "C4" transfers
data out to the 4-D section of the program. The COMMON "“COMPER" transfers
data out to the random perturbation subroutines.

The SCIMOD subroutine prints and (optionally) punches on a non-print out-
put file, the output described in Section 4 and Appendix C. It also trans-
fers output to other subroutines via the above-mentioned COMMON Tists. The
SCIMOD subroutine updates the profile or trajectory positions by setting the
current position equal to the previous position before exit. The previous
position information then stays in the COMMON list unit the next call to

SCIMOD. The previous random perturbations are handled in similar fashion.

5.3 The Setup Section

The function of the setup section of the program is to Toad the init-
ial data and the data from the SCIDAT tape. See Figure 4.1 for a flow chart
illustrating how the SETUP subroutine fits into the overall program and Fig-
ure 5.2 for a flow chart of the SETUP subroutine.

The SETUP subroutine reads the second and third cards of input. The

second cards contains:

1. Groves input unit IUG
2. Random input unit IUR
3. QBO input unit IUQ
4. 4-D input unit U4
5. Random option IOPR
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6. QBO option I0PQ
7. First random number NR1

8. NMC read option NMCOP
9. 4-D scratch unit IOTEMI
10. NMC grid point scratch unit IOTEM2

The third card (optional, read only if IOPR = 1) contains:
1-6. Initial random perturbations in pressure,
density, and temperature (%), large scale RPTL, RDIL, RTIL
(L) and small scale (S) RP1S, RD1S, RTI1S

7-10. Initial random wind perturbation (m/s),
large scale (L) and small scale (S) RUIL, RVIL, RU1S, RV1S

The COMMON Tist "PDTCOM" transfers the arrays, loaded with the appro-
riate data from the SCIDAT data tape, to the other subroutines. This COMMON
list contains the following arrays:

1-3. Groves pressure, density, and temperature PG, DG, TG

4-6. Stationary perturbations in pressure, den-
sity, and temperature PSP, DSP, TSP

7-11. Amplitudes of QBO pressure, density, and
temperature, and winds PAQ, DAQ, TAQ, UAQ, VAQ

12-16. Phases of QBO pressure, density, and tem-
perature, and winds PDQ, DDQ, TDQ, UDQ, VDQ

17-21. Standard deviations for the random pres-
sure, density, temperature and winds PR, DR, TR, UR, VR

The COMMON Tist "COTRAN" is used to transfer data to setup from the
NTRAN read subroutine RTRAN, which has multiple entry points for various dif-
ferent types of data from the SCIDAT data tape. The COMMON "CHIC" is used to
transfer the spherical harmonics coefficients to the SPHERE subroutine.

5.4 The Jacchia Section

The subroutine JACCH calculates the pressure, density, and temperature

at a point in space for heights above 90 km for a particular time.
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J. Height in km H

2. Latitude in radians PHIR
3. West longitude in degrees (0 to 360 degrees) THET
4. Solar radio noise flux F10.7 (10'22 watts/mz) F10
5. 81 - day average solar flux F10.7 F10B
6. Geomagnetic index ap AP
7. Month MN
8. Day of month IDA
9., Year IYR
10. Hour of day in universal time IHR
11. Minute of hour in universal time MIN
12. Mean Julian day XMJD

The outputs are:
2

1. Pressure in units of nt/m PH
2. Density in units of kg/m° DH
3. Temperature in Kelvin degrees TH

The theory and methods used in JACCH for calculating the pressure,
density, and temperature are given in Jacchia, (1970). A brief explanation
will be given below.

The subroutine JACCH consists of four sections: the main routine and
three imbedded subroutines. A1l sections have numerous comments to explain
each part of the program.

Main Routine (JACCH). The main routine acts as the calling routine,

and also, calculates the seasonal - latitudinal variations in the lower

thermosphere.

The seasonal - latitudinal density variations are given by equation
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(2.1) of Justus et al (1974 a).

The equations for the molecular weight and the relative temperature

were given as equations (2.2) and (2.3) of Justus et al (1974 a).

After the density, temperature, and molecular weight are calculated, the
pressure is calculated from the ideal gas law:

P = Eﬁ
M

where p is the density, R is the universal gas constant, T is the temperature,
and M is the molecular weight.

An option is included in the main routine whereby the yearly mean
values of the density, pressure, and temperature may be calculated directly.
If the value of the month input variable is thirteen, (MN = 13), the exosphere
temperature is immediately set equal to 1000° K (which is the recommended
design value for annual mean conditions) and the yearly mean density, pres-
sure, and temperature values are calculated. Note that the 1962 U.S. Stan-
dard Atmosphere has an exospheric temperature of approximately 1500° K and
is thus considerably different from the 1000° K results of the annual mean
in the PROFILE program,

Subroutine TME. This subroutine calculates variables necessary for

input into the subroutine TINF. The input variables are:

1. month (month = 13 denotes annual mean and bypasses

this subroutine) MN
2. day of month IDA
3. year IYR
4. hour of day in universal time IHR
5. minute of day in universal time MIN
6. mean Julian day XMJD
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7. latitude in radians XLAT

8. longitude in degrees (input: O to 360 degrees turning
westward; output: -180 to + 180 degrees) XLONG

The output variables are:

1. solar declination angle in radians SDA
2. solar hour angle in radians SHA
3. day number from January 1 DD
4. day number divided by tropical year (365.2422 days) DY

Subroutine TINF. This subroutine calculates the exospheric tempera-

ture. The input variables are:

1. solar radio noise flux (10'22 watts/mz) F10
2. 81 - day average F10 F108B
3. geomagnetic latitude in radians XLAT
4. solar declination angle SDA
5. solar hour angle SHA
6. day number divided by tropical year DY

7. diurnal factor equal to 0.3] R

The output is the exospheric temperature, TE. Factors included in
the calculation of the exospheric temperature are solar activity variations,
diurnal variations, variations with the geomagnetic activity, and semi-annual

variations.

Subroutine JAC. This subroutine calculates the molecular weight,

density, and temperature without the seasonal - latitudinal variations. The

input variables are:
1. height in km JA

2. exospheric temperature T
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The output variables are:

1. temperature TZ
2. molecular weight EM
3. density DENS

5.5 The 4-D Section
GRID4D and subroutines SPRT4, INTRP4 and SELEC4 are basically the MAIN

PRJGRAM, S@RT, INTERP and INPUT as documented in the 4-D users reference man-
ual and subsequent updates.
Some changes have been made.

In GRID4AD, NTRAN M@VE statements are used to select the appropriate
file for a given month on the 4-D data tape mounted on UNIT IT in the UNIVAC
version. In Georgia Tech's CDC version, and on other machines, separate
reads for each record must be used until an end of file is reached, and
reading continues until the proper file is found. If a parity error is
encountered in reading IT, a message

“INPUT UNIT NO. IT IN ERRAR F@R REC@RD N@ IRC"
is printed - execution continues. Such an error will cnly be of consequence
if the particular record read in error is required for interpolation.

Grid point profiles for subsequent interpolation are tagged and filed
on a dynamically assigned scratch UNIT SCRCHI (IQTEMI in calling program),
instead of occupying core as in the 4-D model.

Any error in the handling of the 4-D data tape or UNIT SCRCH(I@TEMI
in calling program) by TRIDAD which results in a transfer to

STATEMENT NO. 30
is fatal, and results in the printing of an error message and termination of

execution (see Section 4.5).
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Slight changes have been made to the logic of S@PRT4 in the interests
of efficiency.

SELEC4 is concerned only with the selection of the record numbers of
the appropriate interpolation profiles.

GETNMC has been added to file the NMC grid point data, read either
from cards of the SCIDAT data tape on UNIT IUG, on a dynamically assigned
scratch file SCRCH2 (IOTEM2 in calling program), instead of occupying 1977
words of core as in the 4-D model. If other than 1977 records are filed, an
error message

"N RECPRDS WRITTEN BY GETNMC ON SCRATCH FILE M"
is printed and execution terminated.

INTRP4 uses a modified latitude - longitude interpolation scheme in the
mixed NMC - equatorial, equatorial and southern hemisphere regions.

The dimensions of some variables have been altered in keeping with
the maximum number of profiles to be used in interpolation (16 instead of 25
as in the 4-D model), and to provide the index word for each record of
SCRCH1 (IN (107) instead of (106)).

A11 references to, and subroutines associated with, the determination
of the coefficients of the best fit polynomials to the selected profiles, as
performed in the original 4-D model, have been deleted. All vertical inter-

polations required are performed by SCIM@D.
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APPENDIX A

THE SPHERICAL HARMONIC WIND MODEL

The spherical harmonic wind model is based on the second order spherical

harmonic expansion relation (equation 2.12)

u(m, z, 8, ¢) = a; + a, cosy + a5 CosO sine

ta, sing sing + ag (3c052¢-1)/2 (A-1)

+ag cos6(3 sing cose) + a, sine (3 sing cose)

*tag (2 cosze-1)(3 sin2¢) + a9(2 sing cose)(3 sin2¢)
where u is the eastward wind component (or a similar equation for v, the
northward component), m is the month, z is the height, 8 is the longitude,
and ¢ is the co-latitude. The coefficients (a's) must be estimated from
observed data, as a function of month and height. Five kilometer height

intervals were selected at which to evaluate the coefficients.

Estimation of the Model Coefficients

The spherical harmonic model may be expressed as a linear function by

the transformation

X = 1

X, = COSY

X3 = COsO sing

Xq = sing sing

X, = 3(c052¢—1)/2
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Xg = €OS8 (3 sing cos¢)

Xy = sing (3 sing cos¢) (A-2)
xg = (2 cosPe-1) (3 sin’y)

Xq = (2 sine cose) (3 sin2¢)

Using this transformation, the model becomes

ax, = A-X (A-3)

where A and X are 9-component vectors with components a; and X respectively.
If simitar coefficient bi are defined for v, the northward component, its

representation becomes
v=B-X

Since the wind components vary with month and height, the A and B
vectors will depend on month and height. Over altitudes 25 to 65 km the all
a component of the A and B coefficient vectors are evaluated every 5 km, for
each month. Above 65 km, where fewer wind observations were available, a
5 km height increment was still used, but only the Ist-order coefficients
(1-4) were evaluated; the 2nd-order coefficients (5-9) were set identially
to zero (see the printout of the spherical harmonic in the SCIDAT tape
1isting of Appendix B).

The least-squared error approach (Draper and Smith, 1966) was used to

estimate the coefficient vectors A and B.

The Data

Four sources of wind data were available for this analysis. The most
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extensive source was the SUMS tape from the World Data Center (HQAA, 1976).
This tape contained monthly wind data averaged over the period 1969 to 1976.
Up to 20 stations around the world reported winds in the altitude range 25
to 90 km. These stations were located primarily in the Western hemisphere.

Data from three Eastern hemisphere stations--Thumba, India; Volograd,
USSR; and Heiss Island--were available (Nﬁ§ﬂ, 1978). This alsc was monthly
averaged data ranging from 25 to 60 km.

The third source of data was grenade soundings from four locations:
Point Barrow, Alaska; Wallops Island, Virginia; Fort Churchill, Canada;

and Natal/Ascension Island (Theon, et al., 1972). The Natal/Ascension data

were annual means; the other stations were averaged over three seasons;
summer, winter, and Equinox. A sinusoidally weighted interpolation scheme
was used to estimate monthly wind averages. In this scheme, the summer and
winter observations were assumed to be the extremes, and the equinox was the
nominal wind value.

The fourth data source was from Woomera, Australia (Pearson and Johnson,

1973). Monthly average wind components from 30 to 80 km were available from
this source.

The four data sources were combined and used as input to a multiple
regression program for estimating the spherical harmonics coefficients, as
previously described. Monthly wind averages based on less than three obser-
vations were filtered from the data.

Very little southern hemisphere wind data were available, resulting in
eratic wind prediction at southern latitudes. To alleviate this problem,
data from the northern hemisphere was used as southern hemisphere data,
displaced by 6 months, with both latitude and longitude reversed.

The number of stations which had enough wind data for meaningful
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averages varied considerably from one month to the next and from one alti-
tude to the next. There was a maximum of 23 stations and a minimum of 5
stations at a given height. The geographic distribution of the stations was
strongly biased towards the north-west quarter-sphere. These factors, along
with the large variance in the wind data result in the spherical harmonics
coefficients having large standard deviations. As a result of this,
increased emphasis should be placed on perturbation analysis available in
the GRAM program. As more and better wind data becomes available, the
spherical harmonics model coefficients may be updated, and better results
obtained.

The spherical harmonic model is used at all Tatitudes to calculate
winds between the heights of 25 and 95 km. Between 20 and 25 km and between
90 and 95 km, a Fairing technique is used to smooth the winds between the
spherical harmonic model values and the geostrophic winds. At low latitudes
(below the "minimum geostrophic latitude" given in the input), the geostrophic
relation is not used. Instead interpolation is done between plus and minus

minimum geostrophic latitude (below 25 km and above 90 km only).
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at the beginning of each record.

APPENDIX B

LISTING OF THE REVISED TAPE
“SCIDAT-MOD-3" FOR THE GRAM PROGRAM

The tape contains the following data, identified by code characters

Month 13 refers to annual mean values.

For code P, D, T, S, R and RW data, southern latitudes are given by northern

hemisphere data displaced six months.

meters are the same for both southern and northern hemispheres.

Annual mean data and the QBO para-

For a more

complete discussion of the input data, see Section 4.2.

Code

N

RW

PW

Data

NMC Grid Data

Groves Pressure (nt/mz)
Groves Density (kg/m3)
Groves Temperature (°K)

Stationary Perturbations in
monthly means (per mill)

Random pressure, density and
temperature perturbation
magnitudes (per mill)

Random magnitudes wind per-
turbation (m/s)

Fractional variance in large
scale thermodynamic variables

Fractional variance in large
scale winds

Description

Same as NMC Grid Required by NASA ver-
sion 4-D program. Data consists of
sequential point number followed by
the two corresponding NMC grid indices.
There are five points per record on

the tape.

Month, height, values at latitudes 0,
10, 20, ... 90 exponent, Same format
as in Groves report.

Month, height, Tongitude, Ap at north
latitude, 10, 30, 50, 70, 90, Ap same,
AT same.

Month, height, Ap at north latitude
10, 30, 50, 70, 90, Ap same, AT same

Month, height, au at north latitude
10, 30, 50, 70, 90, av same

13 (Annual), height, fractional var-
iance in large scale per mill for ﬁres—
sure, density and temperature, eac

at latitude 10°, 30°, 50°, 70°, 90°

13 (Annual), height, fractional var-
jance in u at 10°, 30°, 50°, 70°, 90°
latitude, same for v
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Code Data Description

CS Small scale density-velocity 13 (Annual), height, <pu>g at 10°,
correlations 30°, 50°, 70°, 90° latitude, same
for <pv>

cL Large scale density-velocity 13 (Annual), height, <pw o at 10°,
. correlations 30°, 50°, 70°, 90° latitude, same
for eV

QP QBO pressure parameters-amp-
Titude (per mi11) and phase
(days after Jan. 0, 1966
when 1st maximum occurs)

QD QBO density parameters (as

in QP)

Height, amplitude and phase at 10°
QT QBO temperature parameters latitude, amplitude and phase at 30°
. , amplitude and phase at 90°

Qu QBO eastward wind para-

meters-amplitude (0.1 m/s)

and phase (days after Jan.

0, 1966)

Qv QB0 northward wind para-
meters - (as in QU)

SP Spherical harmonic Height, month, and coefficient
coefficient values a,-aq, cm/s.

The tape consists of six FORTRAN readable files with an end of file marker
after each file. The first file contains the NMC grid data, the second con-
tains the Groves and Stationary perturbation data, the third contains the
random perturbation data, the fourth contains the fractional large scale
variances and the density-velocity correlations, and the fifth contains the
QBO data. Each record of the NMC grid data file contains the code (N) and
x-y coordinates for 5 points. The Format is (A2, 1517). The total number
of NMC grid points is 1977. The NMC grid data file contains a total of

396 records, with the last record containing points 1976 and 1977 and zeros

for the remaining values. The format for the Groves data is (A2, 1317),
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for the stationary perturbation it is (A2, 1817), for the code-R data it

is (A2, 1717), for the code RW data it is (A2, 1217), for the large scale
fractional variances in thermodynamic variables it is (A2, 1717), for the
large scale fractional wind variances it is (A2, 1217) for the density-
velocity correlations (small scale and large scale) it is (A2, 1217), and
for the quasi-biennial data it is (A2, 1117), and for the spherical harmonic
it is (A2, 1117). The Groves data contains 702 records, the stationary
perturbation data contains 1248 records, the code R random data contains 260
records, the code RW random winds data contain 325 records, the code P large
scale fractional variances contain 25 records, the code PW large scale frac-
tional wind variances contain 25 records, and code CS and CL density-velocity
correlation data contain 25 records each, the QBO data contain 80 records,
and the spherical harmonics data contain 336 records.

Following is a listing of the data contained on the SCIDAT tape.
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138 ML GRID DATASTE

¥ { 13 1 2 15 1 3 17 1 L] 18 1 5
N [ 20 1 7 2 1 8 22 { g 23 1 10
N it 25 1 12 2 1 13 27 1 14 2 1 15
N 6 30 1 17 31 1 18 32 1 19 33 1 2

N 2 15 ? 2 14 2 2 17 2 2 18 2 2

N 26 20 2 27 21 2 2 2 2 29 2 2 30
N 31 25 2 32 26 2 33 27 2 34 2 2 35
N . 30 2 37 3 2 18 2 2 39 R ? 40
N L1l 13 3 42 14 3 43 3 3 44 16 3 45
N 46 18 3 497 19 3 48 20 3 49 M 3 50
N 3 23 3 52 24 3 33 2 I H 26 3 55
N 38 28 3 37 el 3 5 30 3 59 J 3 60
N 81 3 3 82 34 3 83 35 3 64 12 4 5]
N b4 L] 4 87 13 4 48 té 4 49 17 4 70
N 7 19 4 72 20 4 73 2 4 74 n L] 75
N 76 24 4 7 25 4 78 26 4 79 2 4 80
N 81 N 4 32 30 4 83 31 4 84 12 4 85
N Bs 34 4 87 35 4 98 38 4 89 i 5 90
N 1 13 3 92 14 5 93 15 5 94 16 3 95
N 94 18 5 97 19 5 8 20 5 79 21 3100
N 101 23 510 2 5 103 25 S 104 2 5 105
N 108 b 5107 29 3 108 30 5 19 i 5 110
N i1 R § 12 34 5 113 35 S 14 36 5 1S
¥ 16 10 6 117 1 6 118 2 5 119 13 6 120
N 1 15 & 22 16 é 123 17 & 12 18 § 125
[ 126 20 6 17 2 & 128 ? 6 129 2 - -
] 12 23 & 132 26 6 1313 2 6 138 2 s 135
N 136 kil 5 137 3 4 138 2 6 139 33 & 140
N 141 R 6 142 38 6 143 37 6 144 38 & 145
N 146 19 7 147 11 7 148 12 7149 13 7130
N 151 K 7182 18 718 17 7154 18 7 155
N 136 20 7152 2 7 188 2 7189 24 7 140
N 161 25 7 182 2 7 143 27 7 184 2 7 145
N 164 kY 7167 3 7 148 32 7169 33 7 170
N 17t 35 T kS 7 173 37 7174 38 7175
N 176 8 [ ¥ 9 8 178 10 8 179 11 8 180
N 181 t3 8 18 14 8 183 15 3 154 18 8 185
N 186 18 8 18 19 8 188 2 8 189 2 8 190
N 191 23 g 192 24 8 193 25 8 194 2% 8 195
N 196 3 g 1 Ve g 198 30 8 199 n g 2

N 201 13 3 202 14 9 203 33 8 204 38 3 225
N 204 Rt 8 207 39 8 208 40 8 209 7 A0
N 211 ? ¥ m 10 § 23 1 9 214 2 9 25
N 2t6 14 § 7 13 § 218 14 a9 17 ? 220
N 221 17 y 22 2 9 o ¢ 2 2 9 25
N 226 24 § 7 25 9 22 26 g 29 2 9 230
N 23 2 § 32 30 9 23 3 234 32 § 23
N 236 14 EERY) IS ¥ 238 38 9 239 37 240
N I 37 7 24 40 y 243 41 244 4 10 245
N 246 3 10 247 9 10 248 10 10 249 11 10 230
N 2351 13 10 252 14 10 283 15 10 254 16 10 259
N 236 13 1027 19 10 258 2 10 2% A 10 240
N 281 2 10 282 2 10 283 25 10 244 2 10 28
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266

21
326
3
336
kD)
346
151
356
I8t
kY]
n

381
186
391
3%
101
104
1
'
21
42
A3t
13
i
m
151
456
281
48
n
7%
481
286
491
19
501
508
511
516
52

52
531

247
7

287
292
297
302
307
312
317
22
327
332
kY
342
342
352
357
362
387
72
377
382
187
392
397
402
407
412
417
422
427
432
437
442
447
452
457
462
447
472
477
48?7
487
492
497
502
507
512
17
522
527
532
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~N e

268

249

270

280
285

295
300
305
310
315
320
325
330
135
340
345
350
355

365
370
375
380
385
390
395
400

410
415
420
435
430
435
449
445
450
435
460
445
470
475

485
490
495

505
510
515
520
525
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536
541
544
551
356
561
566
in
576
581
586
9t
396
801
608
811
816
821
626
831
838
841
648
851
456
461

671
676
481
886
691
496
701
706
m
716
72
726
731
73
741
746
751
756
761
768
771
776
781
786
791
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B8Ot

537
542
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357
562
567
572
577
582
587
92
597
802
607
612
817
822
627
832
637
442
647
632
857
662
667
872
677
482
687
492
697
702
Ry
712
"7
722
727
732
737
742
747
752
757
762
787
772
777
782
787
92
797

yl
I3

538
543
548

538
343

573
578
581
588
593
598
403

813
618
623
82

433
438

448
453
438
463
668
873

483
488
493
498
703
708
713
718
723
728
33
738
743
748
753
758
763
768
773
78
783
788
793
798
803
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404
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434
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674
479
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957
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1047
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1067
1072

1048

1058
1043

1073
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1082
1087
1092
1097
1102
1107
1112
1117
1122
127
1132
1137
1142
1147
1152
1157
1162
1187
1172
1177
1182
1187
1192
1197
1292
1207
1212
1217
122

1227
1232
1237
1242
1247
1252
1257
1262
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{272
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1078
1083

1093
1098
1103
1108
1113
1118
1123
1128
1133
1138
1143
1148
133
1158
1143
1168
1173
1178
1183
11688
1193
1198
1203
1208
1213
1218
122

1228
1233
1218
1243
1248
1253
1258
1263
1268
1273
1278
1283
1288
1293
1298
1303
1308
1313
1318
1323
1328
1333
1338
1343
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1079
1084
1089
1094
1099
1104
1109
1114
1119
1124
1129
1134
1139
1144
1149
1154
1159
1164
1169
1174
1179
1184
1189
1194
199
1204
1209
1214
121y
1224
1229
1234
121
1244
1249
1254
259
1264
1269
1274
1279
1284
1289
1294
1299
1304
130¢
1344
1319
1324
1329
1324
1139
1344
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ar
e

3¢

<

40

24

1080
1085
1090
1095
1100
1105
1110
115
1120
1125
1130
1135
1140
1143
1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
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1290
1293
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1305
1310
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1320
1325
1330
1335
1340
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1664
1649
1674
1679
1604
1659
1494
1699
1704
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1714
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1724
1729
1734
1739
1744
1749
1754
175%
1764
1749
1774
1779
1784
1789
1794
1799
1804
1807
1814
1819
1824
1829
1834
1839
1844
1847
1854
1859
1864
1849
1874
1879
1884
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1635
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1643
1630
1633
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1665
1670
1675
1680
1685
1490
1695
1700
1705
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1730
1735
1740
1743
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1760
1765
1770
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1780
1785
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1795
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1825
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1855
1860
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APPENDIX C
SAMPLE INPUT AND OUTPUT FOR THE GRAM PROGRAM

Input to GRAM is as follows:

(A11 input data cards are in free field format.)

INITIAL HEIGHT Height of starting position, km

INITIAL LATITUDE Latitude of starting position (degrees, southern lati-

tudes negative)

INITIAL WEST - West Tongitude of starting position (degrees, 0 to 360
LONGITUDE degrees, or east longitudes negative)
F10.7 - Solar 10.7 cm radio noise flux (10'22 watts/mz) at time

of calculations. Use zero if height does not go over

90 km. Use 230 for design applications or consult Aero-
space Environment Division (AED) of Marshall Space Flight
Center (MSFC) for monthly predictions.

MEAN F10.7 - 81 day mean solar 10.7 cm flux. Use zero if height does
: not go over 90 km. Use 230 for design applications or
consult AED, MSFC for monthly predictions.

AP - Geomagnetic index a,. Use zero if height does not go
over 90 km. Use 20.3 for design steady state conditions,
or 400 for maximum conditions, or consult AED, MSFC.

DATE - Date for starting time of calculations (month, date, two
digit year). Use month 13 for annual reference period.

SREENWICH TIME - Time for starting position (hours, minutes, seconds).
Use time corresponding to local time - 0900 for design
steady state, or 1400 maximum conditions.

-AT INCREMENT - Latitude displacement (degrees) between successive posi-
tions (new lat = old lat + lat increment). Use zero if
trajectory positions are to be read in.

JEST LON West longitude displacement (degrees) between successive
INCREMENT positions (new long = old lon + lon increment). Use zero
if trajectory positions are to be read in.

Height decrease (km) between successive positions (new
height = o1d height - height increment). Normal profiles
are generated downward. If an upward generated profile
id desired set height increment negative.

{EIGHT INCREMENT
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CARD 1

MAXIMUM NUMBER OF

POSITIONS

TIME INCREMENT

TRAJECTORY OPTION

OQUTPUT OPTION

MIN. GEOSTROPH.
LAT.

t

Number of positions to be computed, not including initial
position. Use zero 1f trajectory positions are to be
read in.

Time displacement (seconds) between successive positions
for automatically generated profiles (new time = old time
+ time increment)

0 for Tinear profile generated automatically internal to
the program, or value equal to unit number (e.g. 5 for
card input) for a trajectory with each position to read
in.

0 for no non-print output of atmospheric parameter values,
or value equal to unit number to get non-print output.

Lowest latitude (magnitude) for which geostrophic winds are
to be used in 4-D (0-25 km) and Jacchia (above 90 km) height
segments. Otherwise, interpolation is used to fill in winds.
In middle heights (25-90 km}, the spherical harmonic model

is used at all latitudes.

CARD 2

GROVES INPUT UNIT

RANDOM INPUT UNIT

QBO INPUT UNIT

4-D INPUT UNIT
RANDOM OPTION
QBO OPTION
FIRST RANDOM

NUMBER

NMC READ OPTION

Unit number for tape containing Groves and stationary per-
turbations (SCIDAT tape in Appendix A). Use any available
unit number.

Unit number of file from which random perturbation data are
to be read. If same as Groves input unit, these are read
from SCIDAT tape. If card input, use 5.

Unit number of file from which QB0 parameters are to be
read. If same as Groves input unit, these are read from
SCIDAT tape. If card input, use 5.

Unit number for 4-D input data tape.
unit number.

Use any available

1 means compute random perturbation output, 2 means do not
compute random perturbation output.

1 means compute QBO output, 2 means do not compute QBO output.

Initial number for random number generator used to compute
random perturbations {can be any odd positive integer).
Use 1 for standard design applications.

0 means read NMC grid data from SCIDAT tape, otherwise
these data are read from cards.

Unit number for scratch file for 4-D grid profiles required

in computations. Use any available unit number. This nor-
mally is a temporary drum file,
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NMC GRID POINTS Unit number for scratch file to store NMC grid point data.
SCRATCH UNIT Use any available unit number. This normally is a tempo-
rary drum file.

<~ (OPTIONAL )* —>-CARD 2 (cont'd.)

INITIAL PL, DL, _ Initial values of large scale and small scale random rela-

TL, PS, DS, TS tive pressure, density, and temperature perturbations,
percent. Use zeros for standard design applications.

INITIAL UL, VL, _ Initial values.of large scale and small scale random wind

Us, VS components, m/s. Use zeros for standard design appli-
cations.

* - Include card 3 only if random option = 1.

TRAJECTORY INPUT - Use only if linear profile is not to be generated automati-
cally. Each record has time (seconds), height (km), lati-
tude (degrees), and west longitude (degrees?.

TRAJECTORY BACKUP _ Only if trajectory input is used. Same form as a trajec-

RECORD tory position but with any negative height value.

The trajectory input records are optional, in free field format. If
included, use as many records (e.g. cards), as necessary.
Input for the following sample output listing is a3 follows:
CARDI: 92.0, 28.45, 80.53, .0, .0, .0, 1, 1, 75, 0, 0, O, .0, .0, 2., 47, 0, O,
0, 20,
CARD2: 3, 3, 3, 4,1, 1,1, 0, 12, 13
CArRD3: 0., 0., 0., 0., 0., 0., 0., 0., O., O.,

A SUMMARY OF THE ORGANIZATION OF AN
INPUT DATA DECK IS AS FOLLOWS

Initial Data

Card 1, as described at the beginning of this Appendix
Card 2, as described at the beginning of this Appendix

Card 3, optional, included only if random optibn =1
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NMC Grid Data

Optional. Include as card input only if this is not to be read from
the SCIDAT data tape.

Random Perturbation Data

Optional. Include as card input only if the random input unit is 5 and
these data are not to be read from the SCIDAT data tape or some other input
file. Do not include if random option = 2.

QBO Parameters

Optional. Include as card input only if the QBO input unit is 5 and
these data are not to be read from the SCIDAT data tape or some other file.
Do not include if QBO option = 2.

Trajectory Position Data and Backup Card

Optional. Include if trajectory, rather than linear profile generated
by the program is to be evaluated, and if trajectory option is 5. Trajec-
tory data is on other file if trajectory unit is not O or 5.

More Data of the Same Kind (Starting with Initial Data, Card 1)

If additional trajectories or profiles are to be evaluated, the data
may be input one set immediately after the other. The program is actually
more efficient for such multiple runs if the month remains the same. This
is because as long as the month remains the same the SCIDAT data tape read

can be avoided for each subsequent data set.

OUTPUT TO GRAM IS AS FOLLOWS

JULIAN DATE - Computed from input date, set equal to zero for month 13
(annual 'average)

INITIAL STAND- - Computed for initial position on input data
ARD DEVIATIONS

INP, D, T, U,

V FOR LARGE

SCALE AND SMALL

SCALE
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HEIGHT, LAT, LON,
TIME B

UNPERTURBED PRES-

SURE DENSITY, -

TEMPERATURE AND

GEOSTROPHIC WIND
(monthly mean
va]ues{

TOTAL PRESSURE,
DENSITY, TEMPE- -
RATURE, AND

WIND

THERMAL WIND
SHEAR
MEAN VERTICAL
WIND

PERTURBATION
VALUES

Position and time where atmospheric parameters are eval-
uated

Computed from Jacchia, 4-D, or Groves - plus - stationary
perturbations, depending on height.

Monthly means plus random perturbations and QBO pertur-
bations

From thermal wind equations using finite differences of
Jacchia, 4-D, or Groves - plus - stationary perturbations,
depending on height.

From mean isentropic surface slopes

Stationary perturbations, QBO perturbations and amplitudes,
and random perturbations and magnitudes for the small scale
(S), large scale (L), and total (T) perturbations. Per-
turbations are those which are added to monthly means to
produce total results output.

Following is a listing of sample output from the GRAM program. Initial

Tines of output are merely 1istings of the input data for easy reference.

These 1istings are provided to indicate formats and kinds of input and output

data. For a listing of the input cards for these sample outputs, see earlier

in the Appendix.
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1 oa8ks GLOBAL REFERENCE ATWOSFHERE - NOD 3 sXatad

INITIAL HEIGHT = 92,00 KA INITIAL LAT = 28.45 DEG INITIAL VEST LON = 80,53 DEG
FI0.7:  0.00 MEAN F10.7 = 0,00 000

MTE = 1/ 1/75 GREENWICH TINE = 01 01 0

LAT INCREMENT = 0,00 DEG MEST LON INCKEMENT =  0.00 IEG KEIGHT INCREWENT = 2,00 KM
KAXINUM NUMBER OF FOSITIONS = 47 TIME INCREMENT = 0 SEC

TRAJECTORY OPTION = 0 QUTPUT OFTION = O HIN GEOSTROPH LAT = 18,0

GROVES THPUT WNIT = 3 RANDON INPUT UNIT = 3 6RO INPUT UNIT = 3

4-D INPUT UKIT = 4 RANDON OPTION = 1 aB0 OPTION = 1

FIRST RANDON NUMBER = 1

NAC READ OPTION = 0 A-D PoDT DATA SCRATCH UNIT = 12

W 6RID POINTS SCRATCH INIT = 13 JULIAN DATE = 2442414,0

INTIAL PsDeT = 0,002 0.00% 0,002 SIGNA Folwl = 11,137 11,067 65812

INTIAL UV = 0,00 H/S 0,00 W/S SIGHA Uy = 47,43 /S 93.93 /S LARGE SCALE
IITIAL Py T = 0.00%  0.00%1 00012 SIGHA PslbT = 2,537 11,891 7811

INITIAL UV = 0.00 WS 0,00 W/S SIGHA UV = 31,35 WS 62,02 W/§ SHALL SCALE
INITIAL UBLVDL = -10.39 2 -16.73 1 INITIAL UDS/VRS = ~10.71 T -9.15 %

83 PERCENT DEVIATIONS FRON 1962 US STANRARD ATHOSPHERE APPEAR BELOW PRESSURE: DENSITY AND TEMPERATURE VALUES 18

UNPERTURBED (MONTHLY HEAN) HEAN PLUS FERTURBATIONS THERMAL
WIND PERTURBATION VALUES

WEIGHT AT  WEST PRES,  DENS. TENP GEOSTROPH. PRES.,  DENS, TEHP TQTAL SHEAR

(KK) LoN  (NT/ (K6/  (DEG VIND (W/S) (NT/ K6/ (DEG WIND (M/S) (N/S/KM)

TINE  (DEG) (DEG) HER2)  NMA%)  KEL- ———— HRR2}) Nx3)  KEL- ----mmmemm mmeooo- P D T U VvV W

(SEC) VIN) E-W #-5 VINY E-4 N-S E-N N-S (D) (U () WS WSONS

90,00 28.45 80,53 .I199€400 .347€-05 189, 0. 4. ,230E400 .3F0E-05 207. -30. 68, -8 -4 =06
0 21,08 15.81 452 40,11 23,01 1432 7.9 7.8 .1 SP

0.0 0.0 0.0 0. 0,080
0.0 0,0 0.0 0. 0. KAG
4 2,6 6.7 -4 7. RANS
7.7 11.8 8.2 30. 62, SI&S
6.3 3.6 2,7 -26, 54, RARL
11.1 11.4 7.0 47, §7. SI&t
15.7 63 9.4 -30. 62. RANT
13,5 16,4 10.8 56, 113, SI6T

88.00 28.45 80,53 ,JBIEH00 .S13E-05 191, 7. 7. .33IEH00 556E-05 209, 13, 60, -3.3 1.2 -.09
0 18,57 12,02 5.9% 19,41 21,37 15.62 7.7 7.3 A 5P

-1 -t -0 -0, 0. 080

2 W1 0 0, 0. M6

7.6 -.5 8.1 14, 25. RANS

7,3 10,0 7.1 26, 52. SIGS

10,1 9.1 1.1 -8, 28, RAML

10.4 10,0 6.2 41, 82, SiGL

17,7 8.5 9.2 4. 53, RaT
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B4.00 28,45 80.53 .39BE400 .716E-05 194,

B4.00 28.45 B0.53 J540E+00 J996E-05 194,

B2E+00 .138E-04 198,

82,00 28.45 80,53 ,7
0

80.00 28,45 80,53 ,J09E401 ,191E-04 200,

78.00 28.45 80.53 .152E401 .2626-04 203,

12,7 14,1

9. JASSER00 JZE-05 213, 22, S, -3,3 -1.2
32,71 12,91 18,0 7.5
-
4

3.6 -

6.9
10.9
9.4
14,5
11.8

10, .A37E400 L104E-04 214, 5. 5. -9 .4
28,52 8.8 18,62 7.3
-
1]
6.4
8.5
7.5
8.9
14.0
1.0

7. .868EHO0 ((44E-04 208, -3, -9, -.9
.12 .30 15.22 8.9

7o JI20E401 J207E-04 2020 -1, -2, -9 .4
15.82 3.31 12,02 6.

4. J163EHO1 L279E-04 203, 2, -28, -3.0 1.5
972 132 792 &

C-7

9.1

4.7
-vé

41
5.9
2,9
7.0

9.4

-0

i1
5.8
3.9
4.4
552
9.9
7.9

I
=0

.2
5.9
4.7

4.3
5.0
6.4

1.3
-0
2.3
4.4
1.3
0
.1
5.9

.

F

97,

0.
0.
-13.

39, 5

9.
44,
-4,
75.

50,

58,

0.
0.
0.
26,
-18.
45.
-18.
33

0.
0.

23,
-13.

-10,
48,

0B

SI8S
RAML
SI16L

SIST
-8

@80
HAG

5168
RANL
SIGL
RANT
SIGT

RANS
5168
RANL
SIGL
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76,00 78.45 80,53 .212E401 ,IS9E-04 206, 2, 12256401 ,3B2E-04 204,
0

-2, J2BFEH0L LS27E-04

74,00 28.45 80,53 .293E401 .4P0E-04 208,

-5, JA4LEL0 L7A0E-04 199,

72,00 28.45 80,53 (401E+01 .659E-04 212,

70,00 28.45 80.53 ,S50£401 .B87E-04 214, -8, D84EH01 (FTAE-04 207,

68,00 28,45 80,53 .JAZEL01 ,116£-03 222, -6, JJI7EL0Y L1226-03 207,

4.3
-9
1,0
1.6
346
'
7.2
8.0
9.1

4
-
1’2
4.2
5.3

11.2 116
5.9 7.2
9.3 15,7
74 8.9

4.8
-l
1.4
-8
4.9
6.0

-2,9 2

.2 =25
6.3 35,

1.6

d 2
at

4.8 17,
2.1 -25

2 45 3

-8 -23.
8.6 37

S L
03 30

-0 -6

4.6 18,
-9 -35,
4,5 M,

-9.9 -41,

8,4 38,

4 3

-6.0 -8B,

3.8 19,
-4 -32,
41 3.

-4.4 -41,

5.6 40,

3
a2
A3

-2.7 -18.

3.0 20,

-1.7 -43,

3.5 36

-4,4 -39,

4.6 41,

-1
Jd 03
4 3

-3.9 -7

2,6 20.

-2,9 -4,

-3,
45,

0.
9.
-1
20,
-43,
38,
-4,
43,

RANT
SIGT

- 37
Sp

080
NAG
RANS
SI6S
RANL
SIGL
RAMT
SI6T

SI6T

-.00

RANS
SI6S
RANL
SIGL
RANT
SIGY



#6.00 28,45 80.53 .100E+02 .1526-03 230, -4, 105E402 ,141E-03 225,

N0 A M)

]
NG N A AR e

84.00 28.45 80,53 1336402 ,196E-03 237, =1y 1386402 2026-03 233,

3. J1BAE402 .264E-03 241,

62,00 28.45 80,53 .175£402 ,250E-03

60,00 28,45 80,53 (2306402 ,3206-03 251, &, 2229€402 323E-03 246,

-

el e -
- o o

]
NLd LA e O i R

SO ) e oD
N W e
S 0N O e O

28,45 80.53 .299E402 .406E-03 257, 80 1298E402 A17E-03 249,

3.4 34
-4.8 -22,
4.3 40,

.

-172,
.2 14,
-3t
24,
-47,
28,

20, SIGL
=24, RANT
23, SI6T

=33

SP
1. 0RO
1.
RANS
13, S16S
-26.
20,
-18,

24,

SI6L
RANT
SI6T

.0t
1, QR0
nAG
FANS
5168

1,
14,
-34,
19,
=20,
24,

SISt
RANT
SIST

RANT
SIGT

38
SP
(R
hAG
RANS
12, SIS



54,00 28,45 80,53 388402 .S15E-03 &, JAT2E402 LSPSE-0T 262,

54,00 208,45 B80.53 (501E407 (452E-03 267,

by 523E402 J4P4E-03 264,

8, J711E402 ,9206-01 271,

52,00 28,45 80,53 .440£102 .B24E-03 271,

28,45 80,53 .011E402 .103E-02 275,

&, B4BEH02 L111E-02 268.

28,45 80,53 (103E403 .1326-02 273, 4, JJ06EH03 L 13SE-02 274,

O R LA A PO R RO
G OO S OGN = A

-0

1.4
2.2
2.3
-1l
3.6
9.8
4.9
8.8
6'1

N AT e O RS MO
G ey O TN O A

[T R S L SR T
O e N OO TR D

A O e~ e e R RO G
O RO

5
5.
-15.
14,
-48.
23,

28,

3.
-,
14,

-29.
25,
-38,
28,

2.

-23.
2.
-15.
26,
-38.
29,

-20, RAML
13. St
-4, RANT

18.

1
{,
29,
12,
-26,
1.
4,
17,

1
1.
19.
12,
-17.
1.
2.
16,

-0.

2,
15,
.
-6
1.

?.
16.

-0,
1.
6

SIGT

48
SP
080
HAG
RANS
S16S
RAML
SI6L
RANT
5167

.30
s
B0
NAG
RANS
SI6S
RAML
SIGL
RANT
SIST

15
Sp
1.0
HAG
RANS
SIGS
RAML
SISL
RANT
SIGY

03

RANS
SIGS
RAML
SIGL
RANT
Sief

-.03

H:0i]

4G

RANS



46,00 28,45 80,53 .1326403 (168E-02 272,
¢ 32 -0 2,02

44,00 28.45 80,53 .148E403 .214E-02 249,
0 =92 -3 31

42,00 28.45 80,53 ,218E403 ,284E-02 244,
0 -1.02  -451 LA

40,00 28,45 80,53 .279E403 ,373E-02 260,
0 ~-3.0  -8.,77 3.8

38,00 28.45 80,53 3SSE403 S04E-02 252,
0 -1 &Y 2.9

~

.

o

.

L.}

5,

3. (1346403 (174E-02 248.

1.7

L S5

2, J164E403 214E-02 247,

=312

-5t 2.1

0. 213E403 ,283E-02 262,

-3.12

-S40 2%

-1, 2876403 .3680E-02 263,

-0

-5,08 5.2

-2, JJB0EL03 (521E-02 254,

-2,91 3.9

-35,

-23.

-14,

-11.

-17.

9.

7

7.

-2

7.

-l

3.3
4.4
4.4

5.8

o

‘
[ N R N R N N
A N R X -

'
(RN TN
0N O NP W

P

)
A L

N O 0 OO = =y

n
. na -
@ R M

1.4

1.1
2.1

2.8

11,
-13.
25,
=21,
28,

-0,
3
-3,
i,
-3%.
25,
-4f.
27,

-1,
3.
-3
10.
-25.
24,
-28.

28,

11, SI65
-B. RAML
11, SIGL
-1, RANT
15, SIGT

-1. QB0

17, RANS
10, SIGS
-10. RANL
10, SI6L

7. RANT
{4, SIGY

-1, GBO
1. KAG
18, RANS

-10. RAML
10, SIGL
&, RANT
13. SIGT

-1, @8O
1. W6
11, RANS
8, SIGS
-3, RAML
9. SIGL
8, RANT
12, SI6T



-1.4 -1,5 .0 -0, 10, RAMS

2,3 2.2 1.% 8 7. SIGS

3.8 3.7 .1-160 1. RAm

34 2.9 2.0 19, 8. SIGL

2.4 2.2 .1 -17. 11, RANT

4,2 3.6 2.8 20. 10, SIGT

34,00 28.45 80,53 .477E403 (481E-02 244, 7, -3, JSI0E403 .700E-02 255, -i5, -5, -4 .5 - 13
0 -4,3  -6.20 2.0% 2,91 -3LX 442 -3 -1 .8 Sp
6 1.0 .8 -9, -1, 0RO

1.6 1.0 .9 % 1, WAG

8 -1,8 2.3 2, 0. RANS

2,4 22 L9 7. 7.5168

45 3.6 .9-15. -1, RAML

31 2,7 1% 17, 7. Si6L

5.3 1.8 3.4 -13, -1, RANT

3.8 3.4 2.7 9. 10. SI6T

34,00 28.45 BO.S3 .42BE403 .921E-02 238, 7. -4, (AS7EH03 ,949€-02 242, -1%, 5. W6 ) -.18
0 -5.31  -6.91 1.8 -9 -a01 371 -8-1,2 .5 SP
1,3 .7 .9 -9 -1, QB0

1,3 .8 .9 10, 1, WAG

3 -1 4 6. 9. RANS

1.9 2.1 1.8 6, 6, SIGS

2.9 2.4 ,5-21. 1. RAML

2.8 2.5 1.8 16, 7. SIGt

3.2 2,3 .9 -16. 10, RANT

34 3.2 2.6 17, 9, SIGT

32,00 28,45 €0.53 .8I3E403 .125E-01 233, 5. -4, LBIZEH03 L124E-01 235, -1 -3, W6 - 15
0 -6,31 -8 .2 -6,31 8,31 27 -1,2 <142 SP
1.0 .5 .9 -9 -1,0@80

1.0 .7 .9 10, 1, M6

=1.% -9 -9 10, 3, RANS

r8 1.9 1,8 & 5. 5168

80 02 W6 -9 -2, RARL

25 2.3 1,7 14, 4 SIBL

=10 -7 -3 L 2, RANT

3.1 3.0 2.4 15, 8, SIGT

30,00 28,45 80.53 .110E404 ,149E-01 229, 4, -4, ,114EH04 .169E-01 236, 1. -8B, .6 1 =t
0 -7.81 -B.4r 1,04 -5.07 -8.27 441 -17 -0 - SF
8 .2 1.0 -8. -1, OBO

8 .5 1,0 10, 1, MAG

-0 -1.2 1,2 10, -3, RANS

1.6 1.8 1.7 5. 4, SI6S

23 1,2 L1 -4 -1 RAML

2,2 28 1.5 12, 4, SI6L

223 -0 2.3 5. -4, RANT

2,7 2.8 2.3 13. 4, SI6Y

28.00 28,45 80.53 ,1SIE+04 .235€-01 225, 4, -3, ASIE404 ,228€-01 231, 4. -8, .2 - <N
0 -6.4L -6 AR -6,82  -9.41 L1IX 0.0 0.0 0.0 L4



W86 100 9. L, HAG
-8 -2.7 L% 3, -3, RANS
S 16 1.5 4, 3. 5168
=0 =2 1 4, -0, RANL
20 L9 1.4 (1. 4, SIGL
=9 =28 2.0 9. -3, RANT
25 2.4 2.1 12, 5. SIGT
26,00 28.45 80.53 .207E404 ,32BE-01 220, 3, -3, .208E404 J3MEE-01 230, 5. 0. 2 - =07
0 =531 -4.37 -1.0¢ -4.81 -7, 3,32 0.0 0,0 0.0 Sp

2 -6 .9 -5, -1, 0BO
A7 9 Bt MG

8 -15 24 7. 2, RANS
L3 L3 1.3 4 3, SIGS
=3 -1 1.0 -0, 2. RAML
1.8 1,6 1,3 10. 3. SI6L
+3-3,0 3.3 7. 4, RANT
22 2,0 1.9 10, 4. SI6T
24,00 28,45 30.53 .2B4E+04 4AS7E-01 216, 4, -2, ,28SE40d HAA9E-08 221, L -2, 1 3 =03
0 =468 2,82 ~1.9% RLTY'7 SR Y S ¢ 0.0 0.0 0.0 5P

1 -7 .8 -3, -i. GBO

2 =2 .30, 2, RANS
3 46 6 3. 3. SIES

S .7 6 8 3 SIGL
3 -1,2 1,5 00 1. RANT
8 8 9 4, SIGT

22,00 28,45 80.53 391E404 L43E-01 212, 4. -1, ,369EH04 bb34E-01 213, 5. -5, -1 -0 00
0 -3.52 -3 -3 =391 -4 -2.51 0,0 0.0 0.0 SP
o1 =5 W7 -0, -1, 0BO

2 w6 ] by 1. MAG

@ -2 .2 3. 1. RANS

4 .4 .5 3. 3. 8I6S

“b =4 -2 -3 -4, RAML

6 W75 8. 3.SIGL

=18 =5 -0 -0, -3. RANT

7 1,0 .8 9 5, SIGT

2,00 28.45 80,53 (SASE404 L914E-01 207, 16, 3. bSH6EHOA L916E-01 208, b, -3, 1.6 -.3 =00
0 =151 2,80 422 ~1.31 30X -4.0% 0.0 0.0 0.0 Sp
Jdo-3 8 20 -0, (RO

2 .3 .6 5. 1 MAG

=b -6 -0 0. 1. RANS

A4 .7 .5 3 3. SI6S

71l -4 112, -8, RAML

4 .9 .5 B, 4 SIGL

o4 W5 -4 -1l -5, RANT

7 Lt .8 8. 5, SI6T

18.00 28.45 80,33 7SOE404 (1296400 205, 19, 4. .7SEHO4 JI28E400 208, 12, -0, -3.3 -4 -.07
0 W32 8,01 -5.41 R 5,61 -5.02 0.0 0.0 0.0 5P

C-13



4 -3 5 2. -0, 0BO
2 4 5 A 0. MG
-1 -5 .3 20 3. RAMS
5 9 W 3. 5. 8168
0 .4 -3 -1t -8, RAM
4 1,0 6 9 5 SR
-1 -l =0 -9, -4 RANT
.8 1,3 .8 9. 7. 5I6T

16,00 28.45 £0.53 .107E405 JI183E+00 204, 30, 3. L107EH05 J181E400 207, 16, -15. -4l -3 -.09
0 3.5 7.8¢ -5.8¢ 3.7 8,71 -4.6L 0.0 0.0 0.0 SP
Jd -2 4 20 -0. 088
d003 30 00 meb
-4 -1,2 .8 2. -8, RaMS
Wb L W7 3 6y SIS
55 .0 -18. -10. RAM
7 120 .6 100 7. 518
2 -7 .9 -18. -1B. RANT
9 1.8 .9 10, 9, SIGT

14.00 28,45 B0.5I .I149E405 .246E+00 210, 37, 4, L 148E405 L244E400 212, 22, -4y -hl - -,04
0 5.0% 8.1% -2.9% .77 7.2 -2,3% 0.0 0.0 0.0 SP
0 -2 2 20 -0l

Jd 002 2 2L 00 M

-8 -1.2 4 -6, 1. RANS

J ot .7 4 7. SI6S

5.5 .0 -11, -10, RAML

-3 -7 A -170 -9, RaNT
1 1.7 1.0 12, $1, SIGT

12,00 78,45 80,53 ,205E405 .328E400 217. 35, 3, J204E405 L3ISE+00 212, 20, 11, 2% W07
¢ 5,51 .2 W 5.28 7,31 -2.0% 0.0 0.0 0.0 sp
0 -t .t 1, -0, QRO

NS TS S PO T

-4 61,0 4, -8, RANS

7 1.0 .8 4, 8, SIGS

Jd 1.5 -1,3 220, -6, RAM

Q7 130 9S8

-3 2.1 -2.4 -16, -15. RANT

1.1 1.5 .1 13, 12, SIeT

10.00 28,45 80,53 .278E405 .421E400 230, 32, L 2820405 423E400 232, 1. -1, S 2 16
0 4.82 1.87 .01 8,61 2,41 412 0.0 0.0 0.0 Sp

0,0 0.0 0.0 0. 0.0B0
0,0 0.0 0.0 0. 0. M6
-2 07 -5, -4 RANS
79 .8 5. 9. SIS
1.6 1,2 .3 -17. -0. RAML
9 1.0 .8 14, 10, SIGL
1.7 .6 1.1 -220 -4 7N
1.1 1.3 fa 15,0 4. oI6T

3,00 28.45 80,53 .370E405 .529E400 244, 26, 3. JISTEH05 (S526EL00 241, 4. 9. XS .2 A4



0 3.9% S 3.3L

8,00 28,45 80,53 ,4BEE+05 ,454E400 259,
0 2.9 =92 381

4.00 28,45 B0.53 .628E405 ,808E400 271,
0 Loy -4 332

2,00 28,45 80,53 .804E405 ,994E400 281,
0 . -Lir 222

0.00 28,45 80.33 (1026404 ,123E+01 288,
0 81 71 12

—

312 01 3,02

3. LA79E405 ,655E400 255,
1,5 =72 2.3

3. 1631E+05 ,808E400 272,
2,37 -4 38

2, /BO7EL0S ,9B9E400 284,
.52 -7 322

-1 1026406 L 124E401 287,

W72 1L22 -5

C-15

0.0
0.0
2
'S
2
b
A
7

t.0
0.0
0.0
0.0

X
02

r
N

0.0
0.0
0,0
-3

3
]
=
.5

0.
0.

1.
-3

-3
5.

0.

-2,

8.

-10.

9.

-13.

n
e

0.
9.

-6,

3.
1.
b,

-3,

8.

0,
0.

-3,

4,
3.

0.
7,

5P
QR0
RAG
RANS
SIGS
RANL
SIGL
RANT
5167

27
5P
080
K6
RANS
5168
RAM
SIBL
RANT
5167

SIGS
RANL
SIGL

SIGT

-.00

GRO

RANS
SIGS
RAML
SIGL
RANT
SIGT

L

GB0

RANS
5165
RAML
SISL
RANT
SIGT






APPENDIX D - GRAM PROGRAM LISTING

Following is a 1isting of the Global Reference Atmospheric Model
(GRAM) - Mod 3. Sequence numbers containing a four character subroutine

code and a four digit number appear on the right of the printout.
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C FIRST DATA CARD READS INITIAL HEIGHT (KN)» INITIAL LATITUDE (DEG) GRAM
C INITIAL LONGITUDE (DEG),» F10,7y MEAN F10.7+ APy MONTHs DAY, GRAM
c YEAR (TDTAL YEAR - 1900)» GREENWICH HOUR,» MINUTES, SECONDS, GRAM
C LATITUDE INCREMENT (DEG)» LONGITUDE INCREMENT (DEG)» GRAM
£ HEIGHT DECREASE (KW)» MAXINMUM NUMBER OF POSITIONS (EXCLUDING  GRAN
€ INITIAL POSITION) TO RE COMPUTED, TIME INCREMENT BETWEEN GRAN
C POSITIONSs TRAJECTORY OPTION, QUTFUT OPTION,MININUM GEOSTROPHICGRAM
c LATITUDE GRAM
COMMON/TOTENP/ 10TEMY » IOTEM2» TUG s NISCOP s DD » XMJD PRI T PHI GRAM

. NSAMEsRP1s RDLs RT1s SP1» SDis ST1s RUL,» RV1s SUL» SV1,GRAN

$ M5 IDAr IYRy His PHILRsTHETIRsGyRIoHePHIRsTHETRsF10+F10BsAPy GRAN

. IHRyMIN'NMOREsDXsHLyVLsDZ5BsEPSs JOPP+LOOKs JETGLATs GRAM
1RP1S R SIRTISsRUISHRVIS SF15+50115,5T15,SU15sSV1Ss GRAM
2UDS1 » VDS UDLT VDL 15 UDS2YDS2,UDL 2, VDL 2 GRAM
COMMON/CHIC/LAC4»4) oNB(2) y INSYN LICOEF (1459 ) VCOEF (149) GRAM
CONMON/WINCON/ DUNSTF (17)sUFREYPREsDUPRE s DUPRE GRAM

9090 FORMAT(*1 sarxdx GLOBAL REFERENCE ATHOSPHERE - HOD 3 Xsatsx’/) GRAM
P1=3,1415927 GRAN
FAC=0.017453291 GRAN
LOOR=(0 GRAN
HONTH = 0 GRAN
10PT=0 GRAN

H=0, GRAN

5 IF(IDPT.EQ.0.OR.(IOPT.GT.0.AND.H.LT.0,)) 6O T0 4 GRAM
READCIOPT»10) LEToHsPHI THET GRAN

10 FORMAT( ) GRAN
60705 GRAM

4 NN = MONTH GRAN
NSANE = 0 GRAM
READ(5510,EHD=90) H1sPHI1sTHET1sF10,F10RsAP/MN,IDA +IYRs IHRO,HIND,GRAN

1 ISECOsDFHIsDTHET»DHy NMAX INCT) I0PTs TOPP,GLAT GRAN

91 RENIND 4 GRAM
WRITE(6+9090) GRAN

IF (ABS(PHI1).LE,90.)60 TO 7 GRAM
PHI1=5IGN{180,-ARS(PHI1)sFHI1) GRAN
THET1=THET14180, GRAM
IF(THET1.6T.360,) THET1=THET1-360, GRAN

7 IF(THETL,LT.0,) THET1=THET14360 GRAX
BLAT = ABS{(GLAT) GRAM

IF (GLAT.LT, 5.) GLAT = 35, GRAN

IF (GLAT.GE.18,) 6LAT = 17,999 GRAN
GLATF=GLATHFAC GRAK

NRITE (479010} H1»PHILsTHET1,F10sF10B2AP MNsIDA +IYR) IHRO/HIND»  GRAM

$ ISECOsDPHI»DTHET s DHyNMAXs INCT+ 10PT» I0PP»GLAT GRAN

C SET NSAME TO AVOID SETUP GRAM
15 IF (HM.EQ.MONTH) NSAME = 1 GRAM

€ LOOKUP ON WULTIPLE PASSES GRAM
MONTH = MN GRAM

L CONVERT LATITUDE TO RADIANS GRAN
PHIIR=FHI14FAC GRAM

C CONVERT LONGITUDE TO RADIANS GRAN
THETIR=THET1XFAC GRAM

C CONVERT LATITUDE INCREMENT TO RADIANS GRAK
DPHIR=DPHIXFAC GRAM

D-2

(= =R NN - S B L B

AL T LT B oo i o bod b b B Gy (2] o Td Lad Bd DD N RO RO NN RO R b ba bbb b bed s bt ek e



£ CONVERT LONGITUDE INCREMENT TO RADIANS
DTHETR=DTHETSFAC

¢ READ DATA TAPE TO INITIALISE ARRAYS
CALL SETUP
NT =1
IF(10PT.EB.0) GO TO 18
READCIOPT»10) IETsHsPHI/THET
IF(ABS(PHI) .LE.90.) GO TO 16
PHI = SIGN{180.-ABS(PHI)sPHI)

THET = THET + 180,

16 IF(THET.LT.0,)THET=THET4340.
IFCTHET,GT.360.) THET = THET - 360,
PHIR=PHISFAC
THETR=THETSFAC
60 10 19

18 H=H - DH

CovrooDISPLACES POSITION BEFORE EVALUATION OF ATWOSPHERIC PARAMETERS
IET = INCT
PHIR=PHI1R+DPHIR
THETR=THET{R+DTHETR
IF (ABS(PHIR).LE.PI/2,) 6O TO 17
PHIR = SIGN(PI-ABS(PHIR) sPHIR)

THETR = THETR + PI

17 IF (THETR.6T.2,8PI) THETR = THETR - 2.¥PI
IF (THETR.LT.0.) THETR = THETR + 2.4PI

¢ A=FOUATORIAL EARTH RARIUS, B = POLAR EARTH RADIUS

¢ EPS= EARTH ECCENTRICITY
19 A = 4378,160
B = 8354.7747
EPS=(1.-(BXB)/(ABA))

Cs00,COMPUTES RADIUS TO HEIGHT Hs AND GRAVITY AT HEIGHT AND

¢ LATITUBE PHIR
CALL RIG
ISEC=ISECO+IET
ISEC=MOD(ISECs60)

NIN = MINO + IET/40
IR = IHRO + HIN / &0
NIN = NOD(MIN+40)

Crors JCONPUTES PyDsTsUs¥ AT FIRST POSITION AFTER INITILL POSITION
IF(H1,LE.30.) LOOK=1
IF(ABS(PHIR).GT,GLATF) GO TD 195
PHIS=PHIR
DPRIS=(PHIRYGLATF)/{2,$6LATF)
PHIR=GLATF
CaLL SCINOD(O)

UP2=UPRE
YP2=VPRE
DUP2=DUPRE
DVP2=DUPRE
PHIR=-GLATF
CALL SCINOD(0)
UP1=UPRE
VP1=UPRE
DUP1=DUPRE
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GRAM
GRAM
GRAN
GRAM
GRAN
GRAN
GRAN
GRAN
GRAM
GRAN
GRAN
GRAN
GRAN
GRAN
GRAM
GRAN
GRAN
GRAM
GRAN
GRAN
GRAN
GRAN
GRAN
GRAN
GRAN
GRAN
GRAN
GRAM
GRAM
GRAN
GRAN
GRAM
GRAN
GRAM
GRAM
GRAM
GRAYM
GRAN
GRAN
GRAN
GRAN
GRAN
GRAN
GRAM
GRAN

35
36
37
38
39
60
61
62
63
84
63
66
67
68
69
70
1|
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
%0
b2}
92
93
4
#5
9%
97
8
99

GRAN 100
GRAK 101
GRAK 102
GRAN 103
GRAM 104
GRAN 105
GRAM 106
GRAN 107
GRAN 108



195

DVP1=DVPRE

UPRE=UP1+ (UP2-UP1)RDPHIS
UPRE=UP14(UF2-VP1)$DPHIS
DUPRE=DUP1+(DUP2-DUP1) SDPHIS
DVPRE=DUP1+(DVP2-DUP1 ) SDPHIS
PHIR=PHIS

CALL SCINOD(1)

20NT = NT 41

21

22

C

C

IF (IOPT.EB.0) GD TO 22
REARCIOPT10) IET,HsPHISTHET
IFCH.LT.0.)60 TO §
IF(ABS(PHI) ,LE,0,)60 TO 21
PHI=GIGN(180.-ARS(PNI)+FHI)
THET=THET+180,

IF(THET LT, 0. ) THET=THET$340.
IFCTHET 6T, 380, ) THET=THET-360.
PHIR=PHIXFAC

THETR=THET4FAC

60 70 25

INCRENENT THE HEIGHT

H=Ht - DH

IF (H LT, 0.0) 6B 70 5
INCREMENT THE LATITUDE
PHIR=PHIR+DPHIR

INCREMENT THE LONGITUDE
THETR=THETR{DTHETR

CoorroREADS NEW INPUT IF ABS(LAT) GTR 90 DEG

23

25

IF (ABS(PHIR).LE.PI/2) GO TO 23

PHIR=SIGN(PI-ABS(PHIR) »PHIR)

THETR=THETR4PI

IF (THETR,GT.2.8PI) THETR = THETR - 2. ¥ PI

IF (THETR.LT.0.) THETR = THETR + 2, ¥ PI
INCREMENT THE TIME

IET=IETHINCT

NIN=MINO+IET/40

ISEC=ISECO+IET

[SEC=HOD(ISEC»40)

IHR=THRO4NIN/60

HIN=HOD(KIN,60)

COMPUTE RADIUS AND GRAVITY AT MEW POSITION

CALL RIG

COMPUTE P»DsTsUsVy AT NEN POSITION

IF (ABS(PHIR).GT.GLATF) 60 T0 80

PHIS=PHIR

DPHIS=(PHIR$GLATF }/ (2, 46LATF )

PHIR=GLATF

CALL SCINOD(O)

UP2=UPRE

UP2=VPRE

BUP2=DUPRE

IWP2=DVPRE

FHIR=-GLATF

CALL SCINOD(O)

Urt=UPRE
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GRAN 109
GRAM 110
GRAN 111
GRAN 112
GRAN 113
GRAK 114
GRAN 115
GRAM 116
GRAK 117
GRAM 118
GRAM 119
GRAM 120
GRAM 121
GRAM 122
GRAN 123
GRAM 124
GRAM £25
GRAN 126
GRAN 127
GRAM 128
GRAM 129
BRAM 130
GRAN 131
GRAM 132
GRAN 133
GRAM 134
GRAM 135
GRAN 136
GRAN 137
GRANM 138
GRAN 139
BRAN 140
GRAN 141
GRAK 142
GRAK 143
GRAN 144
GRAN 145
GRAK 146
GRAN 147
GRAN 148
GRAN 149
GRAN 150
GRAN 151
GRAN 152
GRAN 153
GRAM 154
GRAM 155
GRAK 156
GRAN 157
GRAN 158
GRAM 159
GRAM 150
GRAM 161
GRAM 162



VF1=UPRE GRAM 163

DUP1=DUPRE GRAN 164
DVUP1=DVPRE GRAM 165
UPRE=UP1+(UP2-UP1)XDPHIS GRAN 166
UPRE=UP1+(VP2-VP1) RDPHIS GRAN 147
DUPRE=DUP1+(DUP2-DUP1 ) $DPHIS GRAM 168
DUPRE=DVP1+4 (IVP2-DVP1) SDPHIS GRAN 169
PHIR=PHIS GRAN 170

80  CALL SCIMOD(1) GRAK 171
GRAN 172

CovvroREADS NEN INPUT IF NMORE = 0 OR MAX POINTS COMPUTED GRAN 173
IF(NNORE,£Q.0,0R, (I0PT.EQ.0,AND.NT . GE, NKAX)} 60 T0 5 GRAN 174

C CYCLE TO NEW POSITION GRAK 175
60 10 20 GRAN 176

20 5T0P GRAK 177

7010 FORMAT(' INITIAL HEIGHT = *sF7.2¢" KN*»sTA3,°INITIAL LAT = * GRAM 178

c

1F6.2s* DEG'+T83, "INITIAL WEST LON = *+F6,2:* DEG*s/s" F10,7 = *»FGRAN 179
$8.2 GRAN 180
2743+ "MEAN F10,7 = *+F7,24T83s AP = *sFB,2¢/s" DATE = *»12,*/*/12/GRAN 181
3%/41129T43, 'GREENNICH TINE = *412)°3%912,"2%912/y" LAT INCREMENT GRAN 182
= 'sFée25* DEGTAZs"WEST LON INCRENENT = *4F6,2)" DEG°»T83s"HEI®/GRAN 183
$"6HT INCRy GRAN 184
S'EMENT = "+F7.2)" KN*s/9* NAXINUM NUNBER OF POSITIONS = *sI4:TA3,GRAN 185
6"TINE INCREMENT = *s145" SEC*s/2Xr*TRAJECTORY OPTION = *+14, GRAN 186
77435 '0UTPUT OPTION = *+12,783, “HIN GEOSTROPH LAT = *sF5.14/) GRAN 187

END GRAM 188
SUBROUTINE ADJUST ADJU
COMMON/CA/DUN1(32) sNGsP(16526) 3D 116526)5T(16326) 9SP(16126) ADY 2
$:50(16926) 55T (16926) yDULs DU2s HS AU 3
COMMON/AILICON/A(2603) s BI28)s X(26)+ KOUNT ADJU 4
DIMENSION PRI26)s QA(28)s UC(24)r VC(28)s NEI28)s UC26)s V(26)y ADN S
$ W(26) A 4
ASSUNPTIONS® (N U
HS IS THE SURFACE LEVEL A 8
ALL DATA VALUES ABOVE SURFACE LEVEL ARE IN 1 KM INCREMENTS AU 9
E1=0,075 ADJU 10
£2=0,150 ADJU 11
MAXIT=3 ADJU 12
KSMAX=10 A 13
H5J = HS ADJU 14
JU=INT(HS H2,) ADIU 16
STEST=0.05 ADU 17
I55=1 ADJU 18
CONST=28703. /980,665 ADJU 19
N=26 ADJY 20
ITER=0 DU 21
UC(1)=SBRT(SP(KOUNT,1)) ADJU 22
VC(1)=SART(SD(KDUNT»1)) ADL 23
NE(1)=50RT(ST(KOUNT1)) ADIU 24
BO 5 I=JJsM ADM 25
UC(I)=SQRT(SP (KOUNT, 1)) ADJU 26
VC(I)=5GRT(SD(KOUNTI)) ADJU 27
9 WC(I)=GaRT(ST(KDUNT,I)) ADJU 28

D-5



NH=N-1
NP=Ht1
CovvsoSETS UP QUADRATURE FACTORS

PA(1)=500,8(FLOAT(INT(HSJ41,))-HS)/ (CONSTXT(KOUNT»1))
00(1)=500, & (FLOATCINT(HSJ41,))-HS) / (CONSTHT (KOUNT» JJ))

DO 15 I=JJsM
IP=1+1

PR(I)=500,/(CONSTET(KOUKTs1))
15 00(I)=500,/(CONSTET(KOUNTIP))

60 TO 58
12 ME=N-1
NP=Nt1
DO 14 I=1+26
UCH=UCe (I
Y(I=VC(I)RVC(])
W(E=NC(IINC(D)
14 CONTINUE
CQ e oINITIN,IZE A(I!J)
DO 20 I=1+26
00 20 J=1,3
20 A1 )=0,
CoveeoSETS UP COEFFICIENTS
12=0
DO 35 I=1+NH

IF¢ILGT.1,AND. ILLT,JJ) 60 TO 35

AN=1,/5P(KOUNT, )
BY=1./SD(KDUNT, )
CH=1,/ST(KDUNT D)
IN=I-1

IF(I.EQ.JD) IN=1
IP=I#1

IF (L.EQ.1) IP=JJ
12=1241
AN1=1,/SP(KDUNT,IP)
BW1=1.,/SD(KOUNT, IP)
CWi=1,/5T(KOUNT+IP)
IF(I,E0.1) 60 TO 25

ACI291)=-(1,-Q0CTH) )R(1,4PACT) ) /AN (1, /BN, /CH) EPRUT) $0R(IN)
25 A(I242)=((1,-00(1))482)/ANLH((1,4POCT) ) 882) /AN (1 . /BNH] . /CW)
$ 2(POCDIXE2)H(1./BNIH,/CHE)ROO(T) K32

IF(I.EQ.NH) GO TO 30

A(1293)=-(1,-00¢1) (1, 4PRCIP) ) /AL H(1. /B /CHEIS

$ PQ(IP)¥OA(IP)

30 BCI2)=U(IPY-U(D)-(U(T)-VCDHN(I) ) RPACT) - (UL IP)-V(IP) HUCIP) )3BR(I)

35 CONTINUE
CALL DIAGEG(I2)
CvveooFINDS CORRECTIONS
AW=1,/5F (KOUNT+1)
BW=1./5D(KOUNT,1)
CH=1,/ST(KOUNTs 1)

UC(1)=SORT(UCI4X(1IE(L,4PRC1) ) /AN)
VC(1)=SORT(V(1)-X(1)4P@(1)/BN)
NC(1)=SORTCW{1)+X(1)4PA(1) /CN)

A=1. /SF(KOUNTsN)

ADJU
ADJU
AD
ADY
ADJU
ADJU
ADJU
ADJ
ADN
ADJU
ADJ
ADW
AR
ABJU
AD
ADJU
ADJ
ADJ
ADJU
ADJU
AD
ADJY
ADJU
ADN
ADJ
AD
ADJY
AB
ADN
ADJU
ADJ
ADU
ADJU
ADJY
ABJU
ABJU
ADI
ADJ
ADJY
ADJY
ADJ
ADJU
ADJY
AD
ADJU
AN
ADJU
ADJU
ADSY
ADJY
ADNU
ADJU
ADJU
ADJU

3
32
13
34
35

37

9
40
M
2
A3
M
45
m
A7
8
9

51
52
33

35

37

59

61
62
63

63
67

69
70
n
72
73
74
75
76
77
78
79

81
82



Bu=1. /5D (KOUNT s ¥)
CH=1, /5T (KOUNT ¢N)
UC(N)=SBRT(U{N)-X(12)%(1,-QQ(NM) )/AN)
VC{N)=SORT(V(N)-X(12)300(M4) /BM)
NC(N)=SORT(W(M)+X(12)300(NK)/C¥)
I2=1

DO 40 I=JJsNK

12=1241

I28=12-1

Al=1, /SP(KDUNT» I)
BU=1./SP(KOUNTI)
Ch=14/ST(KOUNTs 1)

IeI-1

IF(T.EQ. 0D [H=1

UC(I)=ABS(U(I) H-XCI2M)Y (1, -R(TH) ) 4XCI2)2(1,4PACT) ) ) /M)

UCCI)=SaRT(UC(I))
VC(I)=ARS(V(]) -(XCI20)88Q(IN) X (12)8PQ(T) ) /BW)
UC(I)=SBRT (VE(1))
WC(I)=ABS(W(I) HXCI2M) 488 (IM)X(12)3PR(T) ) /TN)

40 WC(I)=5GRT(MC(I))
€0 BETS ADJUSTED VALUES

ADJUSTS ON TRIANGLE INEGUALITIES

38 K=0

DO 48 I=1,N
IFCT.BT.1.AND.ILLT . JJ) GO TO 48
AU=UC(T)

AY=UL(I)

AN=WC(I)

AMAX=ANAXT (AUs AV AN)
EE=E13ANAX

EF=E20AMAX
AW=SP(KOUNT» 1)
BU=SD(KOUNT, I}

CH=ST (KOUNT» 1)
COR=AUHAV-AN-EE
DIV=pN+BYHCY
IF(COR.GT.0.) GO TD &0
COR={ AI+AV-AM-EF ) /DIV
AU=AL-CORSAN
AV=AV-CORIBY
AN=ANCORICY

60 TO 64

60 COR=AU-AVHAN-EE

IF(COR.6T,0.) 6D TO 42

COR=(AlI-AV+AN-EF )/DIV
=Al-CORSAN

AV=AUHCORSBN

AN=AN-CORECH

GO 10 &4

82 COR=-AMHAVIAN-EE

IF(COR.6T.0,) 80 TD 66
COR=({ ~AUHAVHAN-EF ) /DIV
AU=ALHCORSAN
AV=AV-CORSBY
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ADJU B3
ADJU 84
ADJ 85
ADJU 85
ADJY 87
ADJU 88
ADJU 89
ADJU 90

AD 91

AL 92
ADU 93
ADJU 94
ADJU 95
ADIU 96
AU 97
ADU 98
DI 99
ADJY 100
ADJU 101
ADIY 102
ADJY 103
ADJY 104
ADJU 105
ADJY 104
ADJU 107
ADJU 108
ADJU 109
ADJU 110
ADJU 111
ADMU 112
ADJY 113
ADJY 114
ADJU 115
ADJU 116
ADJY 117
ADW 118
ADJU 119
ADJU 120
ADJU 121
ADJ 122
ADJU 123
ADI 124
ADJY 125
ADJU 126
ADNY 127
ADJY 128
ADJ 129
ADJU 130
ADJU 131
ADJU 132
ADJ 133
ADJY 134
ADJU 135
ADJU 136



AM=AR-CORYCY
64 K=Kt1
b8 UC(I)=AU
VC(I=AV
WC(T)=AN
68 CONTINGE
KNAX=K
100 IF((ITER.E@.0),0R. (KHAX,NE.0)) GO TO 110
G0 T0 112
110 ITER=ITERH1
IF(ITER.LE.MAXIT) GO TO 12
112 IF (ISS.NE.1) GO TO 999
114 ITER=]
158=2
VTA=YC(1)
NTA=NC(1)
DO 120 I=JJ»N04
In=I-1
IF(I.E8, J0) IN=1
VTB=VC(T)
NTB=WC(I)
YC(I)=(YC (141142, SUTBHYTAIR0, 25
WC(I)=(MC{I+1)+2 SNTBHWTA) 40,25
VTA=VTB
WTA=NTB
120 CONTINUE
60 10 12
CovoosCALCULATE THE CORRECTED VARIANCES
999 DO 1010 I=1,N
IF(1.GT.1,AND,I.LT,JJ) GO TO 1010
SF(KOUNT )=UC(1) %32
SD(KOUNT ¢ I)=VC(I) %82
ST(KOUNT, I)=HC(I) %32
1010 CONTINE
RETURN
END
SUBROUTINE CHECK
COMMON/CHK/P (4541 3) /RHD (4945 3) 1 ND(2)
COMMOM/NINCON/DGHs FCORY » X5+ DYS
COMNON/CHIC/LA(16) sNB(2) s IWSYNsUCOEF (14,9) s UCOEF (14+9)
NB(1) = 0
NB(2) = 0
CALL GROUP
NS=0
NR=1
IF(NO(1),EQ.0,AND.NO(2) .EQ.0) GO TO 1000
D0 440 KL=1+2
IF (NO(KL).EB.0) GO TO 440
450 CONTINUE
NNR=AINR
IF(ND(KL) .LE.NNR) 60 TO 500
NR=NR+1
G0 TO 450
500 CONTINUE

ADN 137
ADW 138
ADJU 139
ADJU 140
ADJU 141
ADJY 142
ADJY 143
ADJU 144
ADJU 145
ADJY 146
ADJU 147
ADJU 148
ADJU 149
ADJU 150
ADJ 131
AD 152
ADW 133
ADU 154
ADJU 155
ADJU 156
ADJU 157
ADJU 158
ADU 159
ADJU 160
ADN 161
#DJU 162
ADJU 163
ADJ 164
ADJU 165
ADJU 166
ADJU 167
ADJY 168
ADJY 169
ADJU 170
ADIY 171
ADI 172

CHEC
CHEC
CHEC
CHEC
CHeEC
CHeC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHeC
CHeEC
CHEC
CHEC

00 S O LN e Gl RO -

i
12
13
14
15
16
17
18



I1=MR
J1=NO(KL)-(NR-1) %4
SHi = &,
SH2 = 4,
DP = P{I1sJ1:2) - P(I1sJ1s1)
IF (DP) 51045204510
910 SH1 = ABS(P(I1,J1:2)/DP)
520 DP = P(I1,Jis2) - P(I14J1+3)
IF (DP) 530,540,530
330 SH2 = ABS(P(I1+J152)/0P)
940 IF(SH1.LT.4,0.0R,SH2,LT.4,0) GO TO 440
IF(SH1,67.9.0.0R.5H2,56T7,9.0) 60 TO 440
NR=1
N5=NS+1
440 CONTINUE
RETURN
1000 INSYN = *3*
RETURN
END
SUBROUTINE CORLAT(AsBsCsDsEsFsGsHsAT AJsAKsSP19SP2+5D1)SD2:ST1y
1 ST2+5U1+50245V1,SY25UD1 yUD25 Y01 s VD2 sRDSRTRY)
IF(SD185T18SD24ST2.6T,0.) GO T0 §
CoveooDEFAULT VALUES AVOID DIVISION BY ZERO
IF(SB1,LE.0,) SD1=0.001
IF(ST1.LE.0,) 5T1=0,001
IF(SD2.LE.0.) SD2=0,001
IF(ST2,LE,0,) 572=0.001
IF(RD,LE.O.) RD = ,00001
IF(RT.LE.0,) RT = ,00001
IF(RV.LE.0.) RV = ,00001
S CONTINUE
IF(ABS(TD1).LE.0.) TDY = 0.001
IF (ABRS(UD1).LE.O0,) UD1 = 0.001
IF (ABS(VD1),LE.0.) UDL = 0.001
IF (ABS(SU1).LE,0,) SUI = 0,001
IF (ABS(SV1),LE.0.) 0,001
IF (ABS(UD1).GE.1,) 0,998UD1/ABS(UD1)
IF (ABS(VD1).6E.1,) 0.998VD1/ABS(VD1)
A=RD%SD2/5D1
B=SD2%58RT (1-RDIRD)
TD2=(SP2¥SP2-SD24SD2-ST285T2) /{ 245D 245T2)
TDi=(SP13SP1-SD1%SD1-ST14ST1)/(28SD14ST1)
IF(ABS(TD2).GE,1,0) TD2=0,998TD2/ABS(TD2)
IFC(ABS(TD1),GE,1.0) TDi=0,998TD1/ABS(TD1)
C=(5T2/ST1)8(RT-RDSTD24TD1)/(1-TD14TD1XRDERD)
D=(RTXST285T1-CRST125T1) /(ARTD1R5D14ST1)
E= ST245T2-CACASTIASTL-DADRSD24SD2-24CDERDITDI XS T 12502
IF(E.GE,0,) GO TD 10
E=0.
10 €=SBRT(E)
F=(5U2/5U1) R (RV-RDRUD2RUDL ) / (1-RDERDRUDI XUDL)
G=(RYISU2-F #SU1 )/ (RDRUDIXSD2)
H= SUZXSU2-F¥F $5U1 35U 1-6864SD24SI2~24F 1GERDAUD1 2SD2¥5U1
IF¢H.6€.,0,) BO TO 15

sv
up
vp

1
1
1
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CHEC
CHEC
CHEC
CHEC

CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CHEC
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CoRL
CORL
CORL
CORL
CORL

CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL
CORL



(o I 2 B 2 B o BN or B o]

H=0.

15 H=5GRT(H)

AI=(5V2/5V1) 8 (RV-RDRVD28VD1 )/ (1-RDXRDIVD1RYD1)
Ad=(RVESY2-AT#SV1) / (RDIVD1SD2)

CORL
CORL
CORL
CORL

AK= SY2ESV2-ALRATESVIESY1-AJRAIRSD28SD2-20AT XAJERDRVDI RSD2XSVICORL

IF (AK,GE.0,) GO TD 25
AR=0,

25 AK=SERT(AK)

RETURN
END
SUBROUTINE DIAGEG(N)
A(I+J)=DIAG. TERWS» I=ROM NO.» J=DIAG, NO.
R(1)=RIGHT SIDE TERNS
=N0, OF ROWS
k=NO, OF ROFDER DIAGONALS: M=Kt1=INDES OF PRIN. DIAG
2KN=TOTAL NO. OF DIAGS.
X¢I1=S0LUTION
COMMON/ADIICOM/A(2693) s B(26) X(26)
K=1
=K
Do 30 L=1sN
ALN=ALN)
AlLsHI=1,
IF(L.EQ.N) 6O TO 15
I2=AINO(KsH-L)
Do 10 I=1+12
NP1=MtI

10 A(LsHPT)=ACLsHPT) /ALN
15 B(L)=B(L)/ALN

IF(L.EQ.N} GO TD 30
Do 25 1=1.12
LPI=L 1
FACT=A(LPIsH-1)

Do 2¢ K1,12
KII=KtJ-1

20 A(LPLyKID) =ALLPIs HJI)-ACL o MEJIAFACT
25 BILPT)=R{LPI)-R(L)$FACT
3O CONTINUE

X(N)=R(N)
Me1=0-1

b0 50 L=1.M1
NHL=N-L
W.
12=AINO(KsL)
DO 40 I=1,I2

40 SUM=SUMHA (WKL, MHI)BX(NMLED)
S50 X (MWL) =B(NHL)~SUM

RETURM

END

SURROUTINE FAIR (PGs D6y TGy Pdr DJy TJe IHs P2 Do Ts

$ DPYGs DPXJr DPYJy DPYs DPYs DIYGr DTXJs DTYJy DTXs DTY)

CoverrFAIRS RETWEEN GROVES AND JACCHIA VALUES 90 LE HEIGHT LE 115 KM

DINENSION C2(6)

Cuvor FAIRING VALUES

CORL
CORL
CORL
CORL
CORL
DIAG
DIAG
DIAG
DIAG
DIAG
BIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIAG
BIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIAG
BIAG
DIAG
BIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIAG
DIA6
DIAG
BIAG
BIAG
DIAG
DIAG
DIAG
FAIR
FAIR
FAIR
FAIR
FAIR

37

39
A0
A
2
A3
1
15
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it

12

13
14
15
16
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24
28
26
27

3
32
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34
35

37

39
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DATA €Z /1,0+0,904508550. 654508510, 34549150, 095491510, 0/ FAIR
C  HEIGHT INDEX FAIR
I =(IH - 85)/5 FAIR
C  GROVES FAIRING COEFFICIENT FAIR
€21 = cun : FAIR
€ JACCHIA FAIRING COEFFICIENT FAIR
871 = 1,0 - €21 FAIR
L FAIRED TEMPERATURE FAIR
T = TE4CZI + THSZI FAIR
C  FAIRED PRESSURE FAIR
P = EXP(ALOG(PG)XCZI + ALOG(PJ)$SZI) FAIR
C  FAIRED DENSITY FAIR
D = EXP(ALOG(DG)#CZI + ALOG(DJ)XSZI) FAIR
DPX = DPXJ FAIR
C  DP/DY FOR GEOSTROPHIC WINDS FAIR
DPY=DPYGRCZI4DPYJASII FAIR
BT = DTXJ FAIR
C DT/DY FOR THERMAL WINDS FAIR
DTY = DTYG & CZI + DTYJ % §ZI FAIR
RETURN FAIR
END FAIR
SUBROUTINE GENAD GEN4

Coovs /BENERATES NG = 9 OR 16 4D PROFILES PyDT AND SIGMAS SPsSDsST AT  6EMA

C GRID OF LATITUDES AND LONGITUDES GLATsGLON. CURRENT LATITUDE, GENA
c LONGITUDE=CLAT,CLON, PREVIOUS LATITUDE +LONGITUDE=PLATsPLON, GEN4
COMMON/CA/GLAT(16) 1GLON(16) sNGsP (169261 1D(16926)3T(16126) 5 GEN4

$ SP(18+26)55D(16226)5ST(16524) s PLON) CLONSHS GEN4
CONMON/IOTENP/TOTEM1 » IOTEN2s TUGs NHCOP IDD » XNB s PLAT »CLAT) GEN4

$ NSAMERP1sRDIsRT1+SF1,5D1s5T1sRUL PRV SSUL2SVL ) GEN4

$ NNy IDAsIYRsH1sPHILRs THETIRSGZsRI+ZsPHIRs THETRIF10+F10ByAPy GEN4

$ IHR/MIMsNMORE yDXsHL s WL »DZ1B1EPS TOPP +LOCK » DUNNY(20) GEN4
COMMON/PDTCON/ IU4s NONTH» IOPRsPE (18119) 1 TG(18119)9D6(18119) GEN4

1 PSP(Br10912)9DSF(Br10+12) 4 TSP(8+10+12) GEN4
2:PARC1715) 1 DAQC17+5) s TAB(1745) s GEN4
3PD@(17+5) s DDA(17+5) y TDAC1795) sPR(20510) yDR(20510)y TR(20+10)y GEN4
AUAB(17,5) sVAG(17+5) sUDBC1755) sUDA(1715) sURC25110) sUR (2551074 GENA

3P@, D0y TA,UQ VA PAAS DA, TOA: UA, VA I0PQ GEN4

¥ oPLP(25510) 1 DLP(25510) ) TLP( 255101 sULP(25¢10) sULP(25¢10) yUDL(25)  GEN4

¥ 10)yVBL(25,10),UDS(25+10) s UDS(25+10) GENA
COMMON/ADJCOM/DUM(130) y KOUNT GEN4
COMMON/IPRTP/ IPRT GEN4
IF(NSAME.EQ.1) RETURN GENA
IPRT=(0 GEN4
LOOK=0 GEN4

F = 0.017453293 GEN4

NG = 16 GENA4

DX = PLON - CLON GEN4
Covvo s LONGITUDE DISPLACENENT FROM PREVIOUS TO CURKENT POSITION GEN4
DY = CLAT - PLAT BEN4
Ceor v LATITUDE DISPLACEMENT FRON PREVIOUS TO CURRENT POSITION GEN4
IF (DY) 20410420 GEN4

1¢ - IF (DX) 15412515 GEN4
12 K=0 GEN4
60 10 40 GENA

D-11



15 THETA = 180, + SIGN(90,+DX)
80 TO 30
20 THETA = ATAN(DX/DY)/F
IF (DY,GT.0,) THETA = THETA + 180,
IF (THETA.LT.0.) THETA = THETA + 360,
CoveseTHETA = AZINUTH ANGLE OF TRAJECTORYs USED TO ORIENT LAT-LON GRID
J0 K = INTC(THETA + 67,5)/45.)
C INDEX USED IN COMPUTED 60 TO FOR 110 THRU 180
IF (K.6T.8) K=K-8
C NORTH POLAR GRID
IF (CLAT.GT,75,0,AND.K,GE,3,AND.K.LE.,7)G0 TO 200
L SOUTH POLAR GRID
IF (CLAT.LT,-75.0.AND.(K,GE,7,0R.K.LE,3})GO TD 200
Crvvs o INITIAL ESTINATE OF REFERNCE LATITUDE (LOMER LEFT GRID POINT)
40 LATO = SBINT(CLAT/S,)
IF (CLAT.LT.0,) LATO = LATO - 5
Covves INITIAL ESTIHATE OF REFERENCE LONGITUDE (LOWER LEFT GRID POINT)
LONO=S¥INT(CLON/Ds)
Covvs oADJUSTS LATOsLONO ACCORDING TO DIRECTION OF TRAJECTORY AZINUTH
IF (K.6T.0) GO TO 100

LATO = LATO - 5
LONO= LONO + 10
60 TO 190

100 GO TO (11051205130,140+150+160+1704180) 4K
110 LATO = LAT0-10
LONO = LONO + 10
60 TO 190
120 LATO = LATO-10
LONO = LONOH1S
G0 T0 190
130 LATO = LATO-5
LONO = LONOH15
60 TO 190
140 LONO = LONOH1S
GO T0 190
150 LONO = LONOH10
60 70 190
140 LONO = LONO$5
B0 10 190
170 LATO = LATO-5
LOMG = LONO+S
60 10 190
180 LATO = LATO-10
LONG = LONOHS
190 IF (LOMNO,ET.360) LONO = LONO - 360
0I1=1.25
IF(ARS(CLAT).GE,18) GO TO 192
BLI=3.0
LATO=-18
192 DD 195 I=1,4
112 = [+12
DO 195 EI1:112+4
GLAT(J) = LATG + 1.25%(J-1)
CevssoLATITUBE, LONGITUDE GRID AT 5 DEGREE INTERVALS

D-12

GEN4
GEN4
GENA
GENA
GENA
GEN4
GENA
GENA
GEN4
GEN4
GEN4
GENA
GENA
GENA
GEN4
GEN4
GEN4
GEN4
GENA
GEN4
GENA
GENA
GENA
GEN4
GEN4
GENA
GEN4
GEN4
GENA
GENA
GEN4
GEN4
GENA
GEN4
GEN4
GENA
GEN4
GENA
GEN4
GEN4
GENA
GEN4
GENA
GENA
GENA
GENA
GENA
GEN4
GENA
GENA
GEN4
GENA
GEN4
GEN4

3
35
36
k74
B
39
40
M
2
43
44
15
%
47
48
19

51
52
33

Rh]

57
98
59
60
61
62
43

65
86
67
48
69
70
n
72
73
74
75
76
77

81
82
83

86
87



195 GLON(J) = LONO ~ S, X (I - 1)
GO TO 400
L POLAR GRID
200 NG = 9
b0 210 J=1.,8
Cover POLAR GRID LATITUDES 1-8 = 475 (N) OR -75 (N)
BLAT(J) = SIGN{(75.+CLAT)
CieesoPOLAR GRID LONGITUDES 1-8 AT 45 DEG INTERVALS
210 GLON(J) = 45,%(J-1)
CovvooPOLAR GRID LATITUDE 9 = POLE 493 OR -90
GLAT(%) = SIBN(90.sCLAT)
Core 0 POLAR SRID LONGITUDE 9 = 0
GLONGY) = 0,
Cooo o «BEMERATES 14 PROFILES (DR 9 PROFILES FOR POLAR GRID)
400 CALL GRIDAD
DO 400 I=1,NG
CHECK=P(Is28)8D(1»26)¥T(T126)8SP {1526 4SDC1526)85T(1126)
c CHECK FOR ZERD DATA AT HEIGHT 25
IHV=24
SPR=SP(1y26)
SDR=5D(1+26)
STR=5T(1,26)
IF (CHECK.GT,0.) GO TO 491
DO 420 J1=1,251
J=26-J1
CHECK = P(IsJ) & D(IsJ) & T{I+d) & SP(I+J) R SD(IvJ) % ST(I+ )
€ FINDS INDEX IHV OF HIGHEST HEIGHT WITH NON-ZERO DATA
I = J
IF (CHECK.GT.0.) 60 TO 440
420 CONTINUE
L HEIGHT = HEIGHT INDEY - 1
440 71 = THV -1,
C SPR+SDRsSTR=SIGHAS AT HEIGHT 21
SFR = SP{I+INY)
SDR=SD{I,IHV)
STR=ST{IsINV}
CovrsoIF HEIGHT Z1 GEG 20 KMs USE GROVES AT 30 KN FOR INTERPOLATION:
£ DTHERWISE USE BROVES AT 25 KM
IF (IHV,GE.21) GO TO 480
Covos oEVALUATES GROVES AT 25 KM FOR INTERPOLATION AND
C FILL IN OF ZERD DATA
CALL BTERP(23,GLAT(I)sP2:D2sT2+PGs DGy TGy DPY,DTY,DP2Y)
INF = IV + 1
DO 450 K=IHP+264
CorvssAVOIDS INTERPOLATION OF PsDsT IF ONLY SIGMAS ARE ZERD
IF C(P{IsKYSD(I,K)&T(IsK)).6T.0,) GD TO 445
H=K-1
Corv o JINTERPOLATES BETWEEN 4D AT HEIGHT 71 AND GROVES AT 25 TO FILL
C IN MISSING DATA

GEN4
GENA
GENA
GENA
GEN4
GENA
GEN4
GENA
GENA
GENA
GEN4
GEN4
GEN4
GEN4
GEN4
GENA
GEN4
GEN4
GEM4
GEN4
GEN4
GEN4
GENA
GEN4
GEN4
GENA4
GEN4
GEN4
GENA
GEN4
GENA
GEN4
GENA
GEN4
GEN4
GEN4
GENA
GENA
GEN4
GEN4
GEN4
GEN4
GEN4
GEN4
GENA4
GEN4
GENA
GENA
GEN4

CALL INTERZ(PCIyIHV)sD{IsIHV)»T(IsIHV)sZ1P29D2+T2125, sPHsDHy THe H)GENA

P(IsK)=FH
D(IsK)=DH
T(IsK)=TH

445 SF(1,K) = SPR

GEN4
GEN4
GENA
GENA

88

8¢9

%0

91

92

93

94

73

%

27

98

99
100
101
102
103
104
105
106
107
108
109
110
m
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114
115
114
117
118
119
120
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2
123
124
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127
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130
131
132
133
134
135
134
137
138
139
140
141



SDH{I.K)=SDR GEN4 142
CovvvoSETS HISSING SIGHAS EQUAL TO SIGMAS AT HEIGHT I1 GEN4 143
450 ST(I,K)=5Tk GEN4 144
60 T0 500 GEN4 145

Covos EVALUATES GROVES AT 30 KN FOR INTERPOLATION AND FILL IN OF GEN4 146
€ ZERO DATA GENA 147
480 CALL BTERP(30sGLAT(I)sP2+D29T2sPGy DGy TGy DPYsDTY,DPZY) GENA 148
CALL FDTUVCPSPsDSPsTSPsGLATC(I) sGLON(I) +30+DPs DRy BT+ DPXsDPY+DTX, DTYGENA 147

e COMPUTE PERTURBATIONS TO GROVES MODEL GEN4 150
$ OP2X,DF2Y,DPXY) GEN4 151
CiovooADD STATIONARY PERTURRATIONS TO GROVES MODEL GEN4 152
P2 = P28(1, + DF) GEN4 153

D2 = p2x(1, + ID) GEN4 154

12 = T28(1, + IT) GEN4 155

IHP = THY +1 GENA 156

DO 490 K=IHP»26 GEN4 157
CoeresAVOIDS INTERPOLATIMG FyDsT IF OMLY SIGMAS ARE ZERO GEN4 158
IF ((POIKORICTAK)KT(IsK)).GT. 0.} BO TO 485 GEN4 159

H=k-1 GEN4 160
Coooos INTERFOLATES BETHEEN 4D AT HEIGHT Z1 AND GROVES AT 30 KN TO GEN4 161
C FILL IN KISSING DATA GENA 162
CALL INTER2(PCIsIHV) s DTy IHY) oY, IHU) 9 214P24D21 72530, s PHyDHy THoH)GENS 163
P(I+K)=FH BENA 164
D(I+K)=DH GENA 1635
T(IsK)=TH GEN4 166

483 SP{I,K) = SPR GEN4 167
SB(IsK)=SDR GEN4 168

C SET MISSING SIGMAS AT HEIGHT 1 GENS 169
490 ST(IsK) = STR GEN4 170
491 CONTIMUE GEN4 171
IHP = IHV - 1 GEN4 172

DO 492 K=2+9 GEN4 173

IF (SP(IsK) JLE + 0,) SP{IsK) = SP(Is1) GEN4 174

IF (SD(I.K) JLE, 0,) SMIsK)= SD(I+1) GEN4 175

492 IF (STCIsK) JLE. 04) STCI4K) = ST(Is1) GEN4 176
DO 495 K=10+IHP GEN4 177
CovvreoSETS ALL ZERO SIGHAS TO SIGMA AT HEIGHT Z1 GEN4 178
IF (SP(IsK),LE.Q.0.AND.P(I/K)(G6T.0,) SP(IsK) = SPR GENA 179

IF (SOCIsK) LE.O. 0, ANDD(IPK)WGT,04) SDHIWK) = SDR GEN4 180

495 IF (S5T(I+K),LE.0.0.AND, T(I+K).GT.0,) ST(I4K) = STR GEN4 181
500 PA = F(L/ DD GEN4 182
TA = T GEN4 183

R =287.03 GENA 184
B=BI3(1,#(2/(RI-1))4%2) GEN4 185

K=12 GENA 186

510 FR = F(I+K) GENA 187
TR = T(I:K) GEN4 188

IF ((FR3TB) ,GT. 0.) GO TO 3520 GEN4 189
K=Ktl GEN4 190

60 T0 510 GEN4 191

520 IF (TA-TB} 560s 570y 560 GENA 192
540 TZ = (TA-TR) / ALOG(TA/TB) GEN4 193
G0 Td S73 GENA 194

570 TZ = TA GEN4 195



373 HS = K-1,40,001XR¥TZRALDG(PR/PA) /6

Ki=K-2
IF(ABS(K-1-HS).6T.0.1) 60 TO 578
GAN=TB-T(IsK+1)
IF (GAN) 582)590,562
978 IF(TA-TB} 58015901580
980 GAN=(TA-TB)/(K-1-HS)
382 KH1=Kp+t1
IF(ABS(GAK) ,GT.6) BAN=SIGN(GsGAN)
DO 585 JD=1sKH1s1
J=Jp-1
TJ=TA-GANS(J-HS)
PJ=PAR(TJ/TA)IR(G/ (RRGANKO,001))
DJ=PJ/ (R$TJ)
P(I,J41)=PJ
D(Irdt1)=DJ
383 T(IrJt1)=TJ
G0 10 599
390 Ki1=KNt1
DO 595 JD=1,KM1s1
J=Jb-1
TJ=TA
PJ=PAREXP (-G8(J-HS)/(R80.0018T.J))
DJ=PJ/(RXTJ)
P(IrJ+1)=pJ
D(IsJ41)=DJ
395 T{IsJ41)=Td
IF(NSANE .EQ.2) NSAME=1
399 H5=0.
KOUNT = |
CALL ADJUST
600 CONTINUE
RETURN
END
SUBROUTINE GETNMC

[ar B or B or B o ]

DIMENSION IP(15)

COMMON /IOTEMP/ TOTEM1s TUTEN2, TUG+ NNCOP s DUMN( 40)

NREC=0
IF(NMCOP.NE.0) 6O TO 2

1 READ(IUG» 300,END=90) N,IP
300 FORMAT(A2s1917)
IF(N.NE,"N") GO TO ¢
60 10 3
2 REAR(S+100) (IP(I1)sI=1,415)
100 FORMAT(15I5)
3 D0 4 I=1,15:3
N=1P(I)

READS ‘SETUP* DATA TAPE» OR NNC GRID DATA CARDS:
AND WRITES SCRATCH FILE FOR USE RY SELECA,

GEN4 194
GEN4 197
GEN4 198
GEN4 199
GENA 200
GEN4 201
GEN4 202
GENA 203
GEN4 204
GEN4 205
GEN4 206
GENA 207
GEN4 208
GEN4 209
GEN4 210
BENA 211
GEN4 212
GENg 213
GENA 214
GENA 215
GEN4 216
GEN4 217
GEN4 218
GEN4 219
GEN4 220
GEN4 221
GEN4 222
GEN4 223
GEN4 224
GEN4 225
GENA 226
GEN4 227
GEN4 228
GEN4 229

GETN
GETN
GETH
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN
GETN

—
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12
13
14
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16
17
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19
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IF(MLT. 1) 6O T0 S
TJ=TIP{TH1I310004IP(142)
MRITE(IOTEN2) 1J
NREC=NREC+1

4 CONTINUE

IF (NHCOP . NE.O) GO TO 2
60 10 1

5 IF(NREC.NE.1977) GO TO &

C
41
7799

42

MOVES PAST FIRST EOF OM UNIT IUG
READ(IUG»?999 END=42) IDUMNY
FORMAT(A10)

60 10 41

RETURN

6 WRITE(4:200) NREC,IOTEN2

GETN
GETN
GETN
GETN
GETN
GETH
GETN
GETN
GETN
GETN
GETN
GETM
GETN
GETN

200 FORKAT(1H1/1Xs16+* RECORDS WRITTEN BY GETNMC IN SCRATCH FILE®»I3) GETN

90
400

[aw B o B v B B o B o B o B o |

[y}

[ar BN o Bl or Bl wn ]

STOP
WRITE(6,400) IUG

FORMAT('1 FPREMATURE END-OF-FILE FOUND ON UNIT *»12/
2'0 CALLED FROM SUBRDUTINE GETNMC.®)

5T0P

END

SUBRDUTINE GRID4D
INTEGER FLD

REAL LAT,LON

GETN
GETN
GETN
GETN
GETN
GETN
GRID
GRID
GRID

CONNON/CA/LAT(16) s LON(16) sNPP(16528) R {(16926) 9T (16126)95P(16926)+6RID

$ SR(16226)+5T(16:26)
COMKON /PDTCOM/ ITyMONTH

5

GRID
GRID
GRID
GRID

SUBROUTINE TO SELECT PRESSUREs TEMPERATURE, AND DENSITY PROFILES (GRID
TOGETHER WITH THE NORMALIZED VARIANCES IN EACHe AT UP TO 16 °*GRID GRID

AT LAT/LONS SELECTED RY CALLING PROGRAN.

ISES NASA HUNTSVILLE MSFC 4-D DATA TAPES

DIRENSION IN(107)sBUFFER(64)

COAKMON /IOTENPS IDTEM1,IOTEM2

COMMON /POINT/ IPT(16s0)sLL(18)+DXY(1642)

COMMON /ORDER/ IPTN(16+3)yIREAD(65+3)

COMMON /INT/ D(208+5)¢16(3)sDYX(2) DLA(4)+DLOCK)

INTEGER IOTEH1,READsWRITE

INITIALIZE

ZERD=0.0
ONE=1.0
TEN=10.0
HUNDR=100.0
THOU=1000.0
READ=6H READ
YRITE=4H WRITE

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID

21
22
23
¥l
25
26
27

30
3
32
13
34
35

37
38
39
40
L)

WO~ N NN

11
12
13
14
13
16
17
18
19
20
2
22
23
24
25
26
27

30
31
32
33



Lar B o BN o= B o]

o

N=NONTH-1-( (28MONTH)/9) 84
IF(HONTH.EQ.13) N=0
NUNEDF = 0O

CALL NTRANCIT»10+22)

IF (N.EQ.0) 60 TO 20
CALL NTRAM(ITy8sNy22)

APPROPRIATE 4-D INPUT TAPE NOW POSITIONED - FILE NEEDED PROFILES

20 CALL SELECA

IRC=0

IRN=1

IFCIREAD(IRN3),EQ.0) GO TD 39
21 JT=IT

H=READ
22 CALL NTRAM(IT»29106sINsL+22)

IRC =IRC H

IF (L,EQ.-2) 6O TO 39

IF (LWLT.0) WRITE(6523) ITsLsIRC

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRIDB
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRIP
GRID
GRID
GRID
GRID

23 FORMAT(" INPUT UNIT NO.*sI3s* IN ERROR (*5I2+*) FOR RECORD NO.'sISGRID

1
TFCIRC.LT IREAD(IRN: 3)) 60 T0 22
IFCIRC.GT. IREADCIRNS3)) GO TO 39
24 I=IREAD(IRNY1)
J=IREAD(IRN; 2)
IF(IRN.EQ.1) GO TO 25
IF(IREAD(IRNs3).EQ, IREAD(IRN-1+3)) GO TO 27
25 IP=FLD{12+124INC106))
WP=FLD (24512, IN(104))
IFC(MP,NE. HONTH) \OR. CIP.NE.IPT(Isd))) GO TO 39
D0 26 IK=1+106+1
K=107-1K
INCK$1)=IN(K)
26 CONTINUE
27 FLDIO18sIN(1)) = |
FLD(1821BsINC1)) = J
JY=I0TEN1
M=WRITE
WRITECIOTENL) IN
IRN=IRN+1
IF(IREAD(IRNs3).£Q,IRC) GO TD 24
IF(IREAD{IRN,3).£0.0) 6O TO 28
60 TO 21

INTERPOLATE TO GIVEN LAT/LON FRON GRID DATA

28 W=READ
DO 38 IT=1,NP
D0 29 I=1,208
D0 29 J=1,5
B(I,J)=0.0

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
6RID
GRID
GRID

£
35
3
37
38
39
40
a1
12
a3
4
15
4
47
8
49

)
52
33
A
35
%
57

59
40
)]
82
63
64
83
b6
67
48
69
70
I3
72
73
74
75
76
77
78
79

81

83
84

B84
87



&

o

29 CONTIMIE
bo 32 J=1,4
IFUIPT(11, 42 .EQ.0) GO TO 32
FLDCOs 18, INDEX) = ]I
FLD(18+1B+INDEX) = J
REWIND IOTEMI
READCIOTENLSEND=39) IN
IF(IN{1).NE, INDEX) GO TO 30
00 31 1=2,105
42=2%1-2
Ji=42-1
D(J19J)=FLD(0s 18 INCI))/HUNDR
DEJ2+ J)=FLR(185 185 INCI) ) /HUNDR
31 CONTINUE
DLACD)=FLD(O, 185 IN(106))/TEN
DLOCS)=FLD(18+ 18, IN(106) }/TEN
32 CONTINUE

IF NECESSARYy INTERPOLATE

LALO=LL(ID)
b0 33 I=15
I6¢(D)=IPT(II,1)

33 CONTINUE
IFCIG(2) \NELQ) GO TO 35
D0 34 I=1,208
DI, 3)=R(Iy1)

34 CONTINUE
60 T0 37

35 IF(IG(5).NE,2) GO TO 36
DYX(1)=DXY(IIs1)
DYX(2)=DXY(II»2)

36 CALL INTRP4 (LALDY

17 D0 38 I=1s26
P(II+1)=D(1,5)$HUNDR
R(IIy1)=D(14156+5)/THOY
T(II, 1) =D(I452+3)
DIVIDE=ONE
IF(R(ITD),GT,ZERD) DIVIDE=(P{II,I)/HUNDR)XX2
SP(II,1)=D(1426+5)/DIVIDE
DIVIDE=0NE
IF(R(II+1),6T.ZERD) DIVIDE=(THOURR(II,I))1%2
SR(II+1)=D(1$182+5)/DIVIDE
DIVIDE=ONE
IF(T(I11,1),6T.ZERD) DIVIDE=T(II,[)¥¥2
ST(II,1)=D(1$78+5)/DIVIDE

38 CONTINUE
RETURN

39 MRITE(4140) JToIRCoIREADCIRNy 3} (HPsMONTHs IFs IrJr IPT(Isd) s IRMsHsL
40 FORMAT(® 32388 UNIT NO.'sI3,* IN ERROR®+I7s' RECORDS READ*/

1* IREADCIRNG3) =*+I5:* WP ="9I3s" MONTH =*»13

D-18

GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
6RID
GRID
GRID
GRID

88
B89
%0
94
92
93
94
95
?6
9
98
99

GRID 100
GRID 101
GRID 102
GRID 103
GRID 104
GRID 105
GRID 106
GRID 107
GRID 108
GRID 109
GRID 110
GRID 111
6RID 112
GRID 113
GRID 114
GRID 115
GRID 116
BRID 117
GRID 118
GRID 119
GRID 120
GRID 121
GRID 122
6RID 123
GRID 124
GRID 125
6RID 126
GRID 127
GRID 128
GRID 129
GRID 130
GRID 131
GRID 132
GRID 133
GRID 134
GRID 135
GRID 136
GRID 137
6RID 138
GRID 139
GRID 140
2° IP =I5 IPTU*s12:%»*sI1s") =*415," IRN =*»13/A6* STATUS®+ISIGRID 141



sT0P

END

SUBROUTINE GROUP

DIMENSION KOU(2)
CONHON/CHIC/LA(4+4) sNB(2) s INSYNsUCOEF (1459) sUCOEF (1459)
CONMON /CHK/P(454+3) sDEN(4+4,3)sNO(2)
COMMON /WINCOM/DGHs FCORY s DXS5sDYS
FCORX = FCORY&DXS/DY5

KK=1

DO 100 I=1,4

DO 100 J=1,4

LA(TyJ)=43(I-1)4J

100 CONTINUE

200

210

220

225

250

300

CONTINUE

B0 250 M-1:4

D0 250 N=1,4

IF (KK.EQ.1) 60 TO 210

I=5-#

J=5-N

NN=-1

N4=-1

GO TO 220

CONTINUE

I=M

J=N

Ni=1

N4=1

CONTINUE

IF (N.EQ.4) GO TO 225
DINX=FCORXS (DEN(I»J4NNs2)4DEN(I9Js2))/2
YY=(P(IsJ4NNs2)~P(1+Js2)) /DINX
IF(ABS(YY).6T,100) GO TO 225
LACTr J)=NINO(LACT s 0) sLACT s JHRN))
LAy HNN)=LA(Ts )

CONTINUE

IF(N.EQ.4) 60 TO 250
DINY=FCORY%® (DEN(I+N4sJr2)4DEN(15Js2))/2
UX={P(1+¥45 J12)-P(1+»2) ) /DINY
IF(ABS{VX).6T.100) GO TO 250
LACIr D=NINOCLA(Ts J) 1 LA(IHNAs J))
LACINAs J)=LA(T )

CONTINUE

KK=KK+1

IF(KK.EQ,2) GO TO 200

NO(1)=0

ND{2)=0

II=t

00 400 LL=1,11

KOU(II)=1

Do 300 I=1s4

DO 300 J=1,4

IFCLACTs ) JE@.LL) KOUCIT) =KOULTI)H
CONTINUE

IF (KOWII).GE.7) NO(ID)=LL

GRID 142
GRID 143
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GROU
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GROU
GROU
GROU
GROU
GROU
GROU
GROU
GROU
GROU
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GROU
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GROU
6ROU
GROU
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GROU
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GROU
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IF (KOU(IT) (GE.7) TI=2
400 CONTINUE
RETURN
END
SURRDUTINE GTERP(IHsPHIsPyDsT/PGs DB+ TGy DPY,BTYyDP2Y)
Covoor INTERPOLATES GROVES DATA TO HEIGHT IH AND LATITUDE PHI
DINENSION PE{18+19)sT6G(18+1%),D6(18/19)
c HEIGHT INDEX
I =(IH - 200/5
c LOMER LATITUDE INDEX
J o= INT((PHI + 100.)/104)
IF (LLT ) J =1
IF (J.6T,18) J = 18
£ UPPER LATITUDE INDEX
F=J11
CvoveCHECK FOR DENSITY OR TEMPERATURE LEQ 0
CHK = D6(I»J) & TG(IvJ) ¥ DG(IsJP) ¥ TB{I»JP)
IF (CHK) 10410420
10 P = P6(IsJ)
It = DG(I+ D
T = T6(I+J)
60 T 30
Covor LATITUDE DEVIATION FROM GROVES ARRAY POSITION
20  PHIF = (PHI + 100, - 10,%J)/10,
TL= T6(Isd) + (TG(IsJP ) - TGLIvJ))XPHIF
C LATITUDE INTERPOLATION
DL= D6¢Isd) + (DB(IsJP ) - DG(I+J)} SPHIF
Rl = PB{Is )/ (DG JIRTG(IVID)
R2 = PG(I+JP)/(DGCIrJPIXTG(I+JP))
INTERPOLATED GAS CONSTANT
R =Rl + (K2 -~ R1JSPHIF
C PRESSURE COMPUTED FROM INTERFOLATED GAS CONSTANT
P =DLERXTL
=D
T=Tt
C DP/DY FOR GEDSTOPHIC WINDS
30 DPY = (PG(I»JP) - PG(IsJ}) 8 0.3
C DT/DY FOR THERMAL NINDS
DTY = (TG(I+JP) - TB(Ixd)) % 0.5
M=J-1
IF (JMLT 1) Ji = JP
DP2Y = (PG(I+JP) - PG(IsJH 1)%0,5
IF (ABS(PHI}-90.) 50,4040
40 DPY = 0,
oTY = 0,
DP2Y = 0.
50 CONTINUE
RETURN
END
SUBROUTINE INTERM(ULsV1sZ1sU25V2922¢UsVs2)
IF (21 - 72 ) 20:110:20
108=uU
L SETS UV = ULoVE IF 21 = 22
V=ui

L]

D-20

GROU
GROU
GROU
GROU
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
G6TER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
G6TER
GTER
GTER
GTER
GTER
GTER
GTER
GTER
6TER
GTER
GTER
GTER
GTER
GTER
GTER
INTE
INTE
INTE
INTE
INTE
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RETURN
20 4 = (Z-21)/¢22-11)
U=0U1+ W21 & A
V=Vl (V2-v1) k4
CooveoLINEAR INTEKPOLATION BETWEEN ULsV1 AT HEIGHT Z1 AND U2,V2 AT
C HEIBHT 22, OUTPUT IS UsV AT HEIGHT Z
RETURN
END
SUBROUTINE INTERZ(P1sD19T1sZ1sP21D2512¢224PsDsTs1)
5IF (It - 12) 20110520
10 P=pl
D =Dt
C  SETS Py Ds T = P1eDtsT1y IF 21 = 22
T =Tt
RETURN
20 A=(I-I0/(2-11)
T=T1+(12-TIHA
D =D+ (02 - DI)RA
P=Pl+ (P2-Pl) XA

Covor s LINEAR INTERPOLATION BETMEEN P1yD1,T1 AT HEIGHT Z1 AND P2:D2,72
C AT HEIGHT 72 TO OUTPUT VALUES OF PsDyT AT HEIGHT Z

RETURN

END

SUBROUTINE INTER2(P1sD1sT1sZ15P24D2572s225PsDsTs2)
Covso INTERPOLATES BETWEEN P1s015T1 AT HEIGHT Z1 AND P2:D2,72 AT
€ HEIGRT Z2 TO QUTPUT VALUES OF PsDsT AT HEIGHT Z

INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE

CovvooCHECKS FOR T1,D1,724D2 PROBUCT = Os FOR GAS CONSTANT INTERPOLATIONINTE

CHK=T1¥D12T28D2
IF (CHK) 1041045
3 IF (21 - 12) 20410420
10 P=P]
b=Dn1

c SETS PsDoT = F1oD1sT1 [F 71=22
T=T1
RETURN

20 IF(P12D1XT18P24D24T2,LE,0,)60 TO 30
A=ALDG(D2/D1)/(22-71)

L LINEAR INTERPOLATION ON LOG D
DZ= DIREXP(AR(Z - 1))
A=(2-11)/(12-11)

c LINEAR INTERPOLATION ON T
TZ= T1 + AK(T2-TD)

R1=P1/(D1%71)
R2=P2/(D2¥T2)

L LINEAR INTERPOLATION ON GAS CONSTANT R
R=(R2-R1)%A+R1

€ PRESSURE FROM PERFECT GAS LAW
P=DIXRSTZ
b=D2
T=11
RETURN

30 P=0,
D=0,
T=0,

D-21

INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
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c

c
C
C

L]

<

c

RETURN
END
SUBROUTINE INTERA (

IZ = HEIGHT

COMMON /C4/ GLAT(16)/GLON(16)sNG

CONMON/CHIC/LACA54) 1 NB(2) 1 INSYN,UCOEF (1459) s VCOEF (14)9)
P(16928)1D(165246)9T(16,26)LAX(16)

DIMENSION

IWSYH = * ¢

ICHK = 0

HEIGHT INDEX = HEIGHT + 1
IH=17+41

IF (ICHK.GT.1) GO TO 220
IF (NG.6T.9) GO TO 100
NG = 9 MEANS POLAR GRID
DO 10 I=10+16s1

P(IsIH) = F(9s1IH)
DIsIH) = DI%sIH)
T{IvIH)Y = T(9:IH)
GLAT(I) = BLAT(D) v
I=10-16 ALL AT 90 DEG

10 GLONCI) = GLON(I-8)

20

LOWER RIGHT INTERPOLATION INDEX
IB = INT(CLON/43) + 1

LONER LEFT INTERPOLATION INDEX
14 =IBH1

IF (IA.GT.B) IA = IA-8
POSITION OUTSIDE POLAR GRID

IF (ABS(CLAT).LT.75.) 60 TO 20
UPFER LEFT INTERPOLATION INDEX
IC=1A148

UPPER RIGHT INTERPOLATION INDEX
ID=18+t8

GO T0 300

IF (NSANE,EQ. 1) NSAME=2

CALL GENAD

IWSYN = '¢*

ICHK = ICHK + 1

6070 5

100 XLON = CLOW

105

DO 105 1 = 1,4

DO 105 ) = 1,4

116 = a%(I-1) + J

LAX(I16) = Lallsd)
CONTINUE

IF (CLON,GT.345) XLON = CLON - 360,
CeooosCHECKS FOR POSITION WITHIN 16 POINT GRID 110=GOOD,

DUTSIBE GRID,

D-22

CLATy CLONy 129
% P4y D4s T4y DPXs DPYs DTXs DTY+DRXXsDPYY.DFXY)
COMKON/TOTENP/ LOTEN1 s IOTEX2y TUG s NMCOP s D+ XMJDy PHI1 PHI»
. NSAME

Coveeo INTERPOLATES BETNEEN 4D ARRAYS P(IoIK)sD(I+IH)sTCI,IH) AT GRID

LOCATIONS LATITUDE GLAT(I) LONGITUDE GLON(I).

CLATsCLON = CURRENT LATITUDE LONGITURE

NG = NUMBER OF 4D GRID POSITIONS INTE

OUTPUT = P4sDA4sT4; AND DERIVATIVES DPXs[PYsBTXsDTY

200=POSITION

INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE

INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE



IF (CLAT,GE,GLAT(1) .AND, CLAT.LT,GLAT(14) ,AND, XLON.LE.GLON(1) INTE

$ .AND.XLON.GT.GLON(16)) GO TO 110
GO T0 200
110 NDL=S

IF(ABS(CLAT).LT,18) NDL=12

IA = 1 + INTC(BLON(1) - XLOW) / )
CoversIA = LOMER LEFT (REFERENCE) INTERPOLATION INDEX

IA = TA + 4 % INTC(CLAT - GLAT(1)} / NDL)
C LOWER RIGHT INTERPOLATION INDEX

IB=1A+1

€ UPPER LEFT INTERPOLATION INDEX
IC=1A+4

c UPPER RIGHT INTERPOLATION INDEX
ID=Ia45

IF(LAX(IA) \EQ.NB(1) ,OR.LAX(IA) .EQ,NB(2) ,OR,LAX(IB) ,NE . LAX(TA),
¥ OR.LAX(IC),NE,LAX(IA),OR.LAX(ID) .NE.LAX(IA)) IWSYN="8*
60 T0 300
200 IF(MSAME.EQ.1)NSANE=2
CALL GENAD
TuSYH = 2
ICHK = ICHK + 1
60 10 5
220 WRITE(8+250)
230 FORMAT(® UNABLE TO GENERATE 4-D GRID*)
P4=Q,
D4=0,
T4=0,
RETURN
Coves JINTERPOLZTION FOR POSITION INSIDE 16 POINT GRID OR POLAR GRID
300 CALL INTLL(P+IAsIByICsIDsPAsGLATGLONCLATCLONs IH)
CALL INTLL(DsIAsIBsICsIDsDdsGLATsGLONyCLAT+CLON) IH)
CALL INTLL(TsIAsIByICsIDsT45GLAT +GLONsCLATCLON IH)

Coov o hRELATIVE LONGITUDE DISPLACEMENT FROM REFERENCE POSITION (IA)
DLON = (CLON - GLON(IA))/(GLON(IB) ~ GLON(IA))

Coevs oRELATIVE LATITUDE DISPLACEMENT FRON REFERENCE POSITION(IA)
DLAT = (CLAT - GLAT(IA))/(GLAT(IC) - GLAT(IA))
DPX=P(IByIH)-P(1As IH)

CoveesDP/DX FOR GEOSTROPHIC WIND EQUATIONS
OPY = DPX + (P(IDsIH) - P(ICsIH) - DPX)RDLAT
BTX = T(IRsIH) - T(IAsIH)

CovensDT/DX FOR THERMAL WIND EQUATIONS
DTX = DTX + (T(IDsIH) - T(ICsIH) - DTX)SDLAT
IFY = P(ICHIH) - PUIAIIND

CovssoDP/DY FOR GEOSTROPHIC WIND EGUATIONS
DPY = DPY + (P(IDyIH) - P(IB+IH) - DPY)$DLON
DTY = TCICIH) - T(IAsIN)

Covss'DT/DY FOR THERMAL WIND EQUATIONS
DTY = DTY + (T(IDsIH) - T(IBsIH) - DTY)EDLON
IF(NG.6T.9) 60 TO 315
DPX=DPX/9,

DTX=0TX/9,
DPY=DPY/3,
DTY=DTY/3,
315 IF(ABS(CLAT).6T,18) 60 10 312

D-23

INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
INTE
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3
57
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a9
60
81
62
63
&4
65
86
47
48
69
70
n
72
3
74
75
76
77
78
79
80
81
82
83
84
8
86
87
88
89
90
)|
92
93
94
9
96
97
98
99

INTE 100
INTE 101
INTE 102
INTE 103
INTE 104
INTE 105
INTE 106



C
€

312

310

320

330 IF(LAX(I1).MNE.LAXCIA) ,OR.LAX(I2) JNE.LAX(IA) OR.LAX(I3) NE,

340

350 IF(LAX(I1).NE,LAX(TA),OR.LAX(I2),NE.LAX(TA),OR\LAXCIZ) (HE.

360

DPY=DPYX5./12

[TY=DTY$5./12

IF (NG.GT.9) 60 TO 310

pPXX = 0,

orYY = 9,

DEXY = 0,

RETURN

DPXY = PCIDGIH) - PUICSIHY - PUIBsIH) + FUIASIH)
IF (MOD(IB,4) .EQ.0) GO TO 320
It =18

12=1R ¢ 1

13=1C

14=1D+1

SX=1,

60 10 330

H=1-1

I2=1B

[3=1C-1

I4=1Dn

5x=-1,

1 LAX(IA),OR.LAX(I4)  NE,LAX(IA)) GO TO 340
IPXY = P(125IH) - PCILAIN)

DPXY = DPXX + (PCI4yIN) - P(I3sIH) - DPXX)RDLAT
IF {IC.GT.12) GO TO 340

It =14

[2=1C+4

I3 =1R

14=1D+¢4

sY=1,

60 10 350

11=1A-14

12=1C

13=1R-4

[4=1D

SY=-1,

£ LAXCIA) ,OR.LAX(T4) NE.LAX(IA)) GO TO 360

DFY( = P(I25IH) - P{I1sIH)

DPYY = DFYY + (P(I45IH) - P(IZ:IH) - DPYY)RDLON
DPXX =(DPXX - 2,8DPX )85X

DPYY =(DPYY - 2,%DPY )XSY

RETURN
opxx = 0,
DFYY = 0,
WXy = 0,
IusYH = ‘¥
RETURN

END

GUBROUTINE INTLL(F+IAyIByICy IDsFLLGLAT+GLONsCLATsCLONs IH)
Cuvvo INTERPOLATES FUNCTION (ARRAY) F FROM WALUES OF GLAT AND GLON AT
INDEX VALUES IAs IBy ICs ID TO OUTPUT VALUE FLL AT HEIGHT IM

AND POSITION CLAT» CLON
DIKENSION F(16926)96LAT(16)+GLON(16)

n-24

INTE 107
INTE 108
INTE 109
INTE 110
INTE 1§11
INTE 112
INTE 113
INTE 114
INTE 115
INTE 116
INTE 117
INTE 118
INTE 119
INTE 120
INTE 121
INTE 122
INTE 123
INTE 124
INTE 125
INTE 126
INTE 127
INTE 128
INTE 129
INTE 130
INTE 131
INTE 132
INTE 133
INTE 134
INTE 135
INTE 136
INTE 137
INTE 138
INTE 139
INTE 140
INTE 141
INTE 142
INTE 143
INTE 144
INTE 145
INTE 146
INTE 147
INTE 148
INTE 149
INTE 150
INTE 151
INTE 152
INTE 133
INTE 134
INTE 135

INTL
INTL
INTL
INTL
INTL

1
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Cooos NORMALIZES LONGITUDE DISPLACEMENT
IFCFCIAs THYSF (IRy TH)8F CICs IHYF (IDs TH)) 20110420
10 FLL=0,
RETURN
20 X=(CLON-GLON(IB))/(GLON(IA)-GLONCIR))
CeeooNORMALIZES LATITUDE DISPLACEMENT
Y=(CLAT-GLAT(IA))/(6LAT(IC)-GLAT(IA))
CoosssTHO DINENSIONAL INTERPOLATION
FLL=FCIBy IH)H(FCIDy IH)~F (IB2IH) )RYH(F (1As IH)~F (IBs IH) )XX
I H(FCIC TH)-FCIAYIHY-FCIDy IHMF (IBs IH) YRXBY

RETURN
END
SUBROUTINE INTRP4 (LALON)
c
C SUBROUTINE TO INTERPOLATE VALUES
C
DIKENSION XLL(4)5YLL(4)+XC(4)sYC(4)
c
COMMON/INT/D(208+5) 9 16(5) s DXY(2) s DLA(4) 1 DLO(4)
C

DEGRAD=3.14159/180,
LALO=TABS(LALON)
L1=LAL0O/10000
L2=LALO-L 1410000
XL=L1/10,
YL=L2/10,
IF (I6(5)-2) 30520410
10 IF (I6(5)-3) 30+30,50
c
€ INTERPOLATE FROM MSC GRID
¢
20 CONTINUE
DO 25 L=1+26
D0 22 J=144
22 IF (D{LsJ),LT.0,01) 60 TO 25
DG 24 K=1,8
I=(K-1)%2441
BCIsS)=(1,-DXY(2))R((14-DXY(1))RD(I,1)4DXY(1)8D(1,2))
T ADXY ()R, -DXY(1))AD (15 3))4DXY (1)3D(24) )
24 CONTINUE
25 CONTINUE
RETURN

INTERPOLATE FROM EQUATION FOR SOUTHERN HEMISPHERE GRID

Lar BN av B o]

30 CONTINUE

DO 32 J=1,2

XLLCD)=DLACS)

YLL(D)=DLO(D)

IF (CYL,BE.353, ) AND. (YLLCJ),LT.0,01)) YLL(J)=340,
32 CONTINVE

X=(YLL(1)-YL)/5,

Y={XL-XLL(1))/S,

IF (IG(5).EQ.3) Y=~y

D-25

INTL
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INTL
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INTL
INTL
INTL
INTL
INTL
INTL
INTL
INTL
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INTR
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INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
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INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
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Do B e B o]

DD 38 L=1,26
Do 36 J=1,4
36 IF (D(LsD),LT,0,01) GO TO 38
D0 37 K=1,8
I=(K-1)3264L
MIyS) =BT DHXKCD(T2)~D(Ts 1))4YR(DT 3)-D (T o ) HXEYE
1 (D(Ir4)-D(Is3)-R(Iy2)4D(1s1)})
37 CONTINUE
38 CONTINUE
RETURN

INTERPOLATE FROM ACROSS GRIDS

50 CONTINUE
IF (I6(5),NE,1133) 6O TO 55
16(5)=3
60 T0 30
55 CONTINUE
IF (IG(5).NE,333) GO TO 60
DLOCE)=(RLOC2I4BLO(3)) /2,
D0 52 I=1,208
52 MI44)=MI» D)
DLA{4)=DLA(Z)
DLO(4)=DLO(3)
60 CONTINUE
D0 62 I=1,4
XLL(D=DLACD)
YLL(D=MLO(D
IF ((YL.GT,350.) . AND. CYLL(D) LT, 0.01)) YLL(T)=340,
42 CONTINUE
ITH=0
X=YLL(D-YL
Y=XL-XLL (1)
43 CONTINUE
b0 45 1=2,4
XCCD=YLL(T-YLLAD)
63 YC(D=XLEL(D-XLL(T)
TH2=3.14159/4
TH3=3,14159/4
IF (ABS(XC(2)),67,0.01) TH2=ATAN(YC(2)/XC(2))
IF (ABS(YC(3)).6T,0,01) THI=ATAN(XC(3)/YC(3)})
IF (XC(2),L7.0,) TH2=3,141594TH2
IF (XC{3),LT.0.) TH3=3,1415394TH3
[INN=COS¢ TH2+TH3)
IF (ABS(DNN).67.0,001) 6O TO 46
ITH=1THH1
IF (ITH.EQ.2) GO TO 66
ALL=XLL
YLL{3)=YLL(4)
D0 41 I1=1>208
81 D{Ir3)=D(Is4)
60 10 83
46 CONTINUE
ZA=SQRT(XC(2)MX24YC{2)kx2)

D-26
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INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
INTR
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IF (ITH.LT.2) GO TD 49 INTR 97

Z=5ORT(X8824Y8%2) INTR 98

£=0. INTR 99

14=0, INTR 100

60 10 71 INTR 101

69 CONTIMUE INTR 102
EB=SORT(XC(3)$324YC(3) 142) INTR 103
Z4=(XC{4)2COS(TH3)-YC(4)¥SIN(TH3) ) /DNN INTR 104
E4=(YC(4)2COS(TH2)-XC(4)SIN(TH2) ) /DWN INTR 105
Z=(X3COS(TH3} -YESIN(TH3) ) /DMN INTR 104
E=(T¥COS(TH2)-X8SINCTH2) ) /DNN INTR 107

B=0, INTR 108

C=0. INTR 109

bp=0, INTR 110

c INTR 111
71 CONTINUE INTR 112

DO 70 L=1424 INTR 113

DO 68 J=1s4 INTR 114

68 IF (D(LyJ),LT.0,01) GO TO 70 INTR 115

D0 67 K=1,8 INTR 114
I=(K-1)%244L INTR 117

A=D1 ) INTR 118

IF (ZAs6T,0,01) B=(D(1,2)-D(1+1))/2A INTR 119

IF (ER6T.0,01) C=(B(1+3)-D(I+1))/EB INTR 120

IF ((ABS(Z4).5T,0,01),AND, (ARS(E4),6T.0,01)) INTR 121

1 DB=(D{]+4)-A-BRZ4-CSEA) /(Z42EA) INTR 122
D(I+3)=A4BRZ{CKE4DDSISE INTR 123

67 CONTINUE INTR 124
70 CONTINUE INTR 125
RETURN INTR 126

END INTR 127
SUBROUTINE INTRUV(URyWRsHsPHI »SUH SUH) INTR
Covo o sFINDS RANDON WIND STAMDARD DEVIATION AT HEIGHT H (KN), LATITUDE INTR 2
c PHI (DEGREES)s FROM UR AND VR ARRAYS INTR 3
DIMENSION UR(25510)4UR(25,10) INTR 4
Cevere] - LOMER HEIGHT INDEX INTR 5
IF (HLT\95.) T=1 4 INMH) / 5 INTR 8

IF (H.GE.95.) I=19+(INT(H)-80)/20 INTR 7

IF (1.6T,25) I = 25 INTR 8

C UPPER HEIGHT INDEX INTR 9
IP=I+1 INTR 10

IF (IP.GT.25) IP=25 INTR 11

c LOWER LATITUDE INDEX INTR 12
J=INT(PHI+110.)/20 INTR 13

C UPPER LATITUDE INDEX INTR 14
JP=J41 INTR 15

IF (JP.6T,10) JP=10 INTR 16
CooessPHIT - LONER LATITUDE FOR UR AND WR ARRAY VALUES INTR 17
PHI1=-110,420,8J INTR 18
CeorooPHI2 - UPPER LATITUDE FOR UR AND WR ARRAY VALUES INTR 19
PRIZ2=-110,420, %P INTR 20

IF (1.67.19) 60 70 10 INTR 2

c LOKER HEIGHT FOR UR AND VR ARRAY VALUES INTR 22
21=5,%(1-1) INTR 23

D-27



10
20
C

C

c

L]

D-28

GO 10 20 INTR
11=20,%(1-15) INTR
IF (IF.G7.19) 6D TG 30 INTR
UIPPER HEIGHT FOR UR ANR UR ARRAY VALUES INTR
12=3,8{1F-1) INTR
GO T0 40 INTR
30 72 = 20, % (IF - 13) INTR
INTERFOLATE ON LATITUDE AT LOWER HEIGHT INTR
40 CALL INTERM{UR(Iod)sUR(IsJ)oFHILIURCT 1 JP)sUR(I»JP)sPRIZSULSVY INTR
$FPHD) INTR
INTERPOLATE ON LATITUDE AT UPPER HEIGHT INTR
CALL INTERW(UR(IPsJ)sURCIFs D) sPHILsURCIPJP)sURCIPYJP) 1 PHIZ U2, V2, INTR
$FPHI) INTR
INTERPOLATE ON HEIGHT INTR
CALL INTERW(U1sULyZ1sU2oV25225SUHsSUHsH) INTR
RETURN INTR
END INTR
SUBROUTINE JAC(ZyTZsDENS) JAC
COMMON/TOTENP/IOTEN] 5 JOTEN2s TUG » NMCOP » DD s XNJD 1 PHI1 o PHI JAC
. NSAMERP1s RD1s RT1, SP1, SOy STi, RUL» RVI» SULs SVU1,JAC
$ ¥Ns IDAsy IYRy Hiy PHIIRyTHETARyGsRIyHsPHIRy THETR+F10+F10R/APy JAC
+ THR+MINsNMOREDXsHL W o DZ JAC
COMMON/COMJAC/ XLAT s XLONGs SItAs SHAL DY 5 Yo T4EM JAC
DIMENSION ALPHA(S)sET(6)4DI{6)s B(7)+DIT(4) JAC
o = 100, JAC
DATA ALPHA/0,0+0,040,0+0,0+-0,38,0,0/ JAC
DATA E1/28,0134,31,9988,15,9994+39.948+4.0026+1,00797/ JAC
BATA R/28.15204,-0,085584+1,284E-04,-1,0056E-09,~1,021E-05 JAC
11,5044E-06+9,9826E-08/ JAC
AY=6,02257E23 JAC
(N=,78110 JaC
Q02=,20933 JAC
04=,009341 JAC
OHE = 1,289E-3 JAC
FK=8.31432 JAC
JAC
TEMPERATURE AT Z = 125 KMy EQ. 9 JAC
JAC
TX=444,3807+,02385¢T ~392,82928EXP(-. 002135781} JAC
A2=2,%(T-TX)/3,14159263 JAC
JAC
JAC
BIT(6)=0, JAC
#=10 JAC
EPS=,0001 JAC
JAC
TEMPERATURE FOR 90ZZX125, EQ. 10 JAC
JAC
T1=1,9%(7X-183,)/35, JAC
T4=3,8(TX-183,-2,2T1835,/3.1/(35, 434} JAC
T3=-T1/(3.,%33,¥42) 4, 874835, /3. JAC
TZ=TX4TI0(Z-125, )4TIN(T-125, ) AR I4T4R(Z-125, 1414 JaC
IF (Z-105.) 43,43,40 JAC
JAC
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HEAN MOLECULAR WEIGHT FOR 9022%105: EQ. 1

J2=7-00

M

EN=B(1)4B(2)8Z24B(3)8728324B(4)AZ24834B(5)RI24344B(6) 872445

14R(7)322%%4
D=7
CONTINUE

INTEGRATION OF EQ, 5 FOR DENSITY BETWEEN 90172105

A=90,

FAB(1)1B(2)R(A-00) 1B(3)#(A-00)X824B(4)X(A-00 ) KE3+R(5) £ (A-00) 114

1HR(6)%(A-00) 425 +B(7)%(A-00) 326

FA=FA%9,80655/((1,4A/6,356766E43)832)
FASFA/ (TXHTIR(A-125,)4T30(A-125, 433 +T4X(A-125.)8¢4)
FD=B(1)+B(2)8(D-00)4B(3) % (D-00) XX24B(4)X(D-B0) KEI+B(5) (D-00) 124

14B(613(D-00) 385 +R(7)%(D-00) %86

FD=FD4?,80465/((1,4D/6,356766E43)342)
FD=FR/(TX$T1#(D-125, )+ T38(D-125, )83 4T4&(D-125,)884)
SRA4s SIKPSONS RULE GUADRATURE - 6.F.KUNCIR

DEFINITIONS -

A = LONER LINIT OF INTEGRATION
[t = UPPER LINIT OF INTEGRATION

FUNC = INTEGRAND FUNCTION SUBPROGRAMN
EPS = RELATIVE ERROR CONVERGENCE CRITERION
N = RAXINUM NUMBER OF INTEGRATIONS

R = RESULT OF INTEGRATION

N = NUMBER OF INTEGRATIONSIRIQEIRID TO FIND R

NINT = |

N=0

PREY=0.
SONE=(D-A)R(FAHFD) /2,
N=Nt1

IF (N-M) 72472475
NINT = 2 % NINT
STW0=0,
DEL=(D~A)/FLOAT(NINT)
DO 73 I=1sNINT,2
X=A{DELEFLOAT(I)

FX=B(1)4R(2)3(X~0)+B(3)R(X-00) XE24B(4) 8 (X-00) £234B(5) % (X-00) 3%4

HB(6)R(X-00) 235 +B(7)k(X-00) %84

FX=FX%9.80665/((1.4%/6,356766E43)%%2)
FX=FX/(TX4TIR(X-125,)4T30(X~125, 843 +T48(X~125,)4%4)

STRO=STWO+FX
CUR=50NE +4, $DELSSTHO

IF (EPSYARS(CUR)-ABS(CUR-PREY)) 74575,75

PREV=CUR
SONE=(SONE4CUR) /4,
60 10 71

R=CUR/3

IF (Z1-105.) 44+74,44
IF (D-105.) 76955474
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JAC
JAC
JAC
JAC
JrC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
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JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JaC
JAC
JAC
JAC
JAC
JAC
JAC
JaC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC

B
39
40
4
2
43
44
45
4
47
18
9

a
32

99
54
57
38
39
60
41
62
43
84

67
48
89
70
71
72
73
74
75
76
77
78
79

81
82
83
84
85

87
88
89
%0
1



C DENSITY FOR 90%2%105 JAC 72
c JC 93
76 DENS=3,46E-9%183 8ENSEXP(-R/FK)/(T1%28.878) JAiC M
DL=ALOG1O(DENS) JAL 95
PAR=AVEDENS/EN JAC 96
AN=ALOGIO(ONSENRPAR/28,96) N
AA=AL 0610 (GAENIPAR/ 28, 96) Joc 98
AHE=ALOG10( BHEFENEPAR/28,96) J 99
AD=ALOG10(2,3PARK{1,-EX/28,96)) JaC 100
AD2=ALOGI10 (PARK(ENE(1,1002)/28,94-1.)) Jac 101
AH=—0, JAC 102
RETURN JAC 103

c JAC 104
c TENPERATURE AND HEAN HOLECULAF WEIGHT AT Z=103 KN JAC 105
C JAC 106
40 13=105. JC 107
TZ3=TXHT18423/ 125, H4TIH(Z3-125) $434TAR(Z3-125)0%4 JAC 108
IHI=RUAR(2)E 5.,4B(3)8 25,4B(4)8 125, 4B(5)1 5.844,4B(4)% 5,445, JAC 109
1HB(7)% 5. 2%6, Jal 110
0=1035. JAC 11t

68 16 70 Jak 112

C JAC 113
) DENSITY AT I=105 KN JAC 114
C Jac 115
55  DENI=3.36E-9%183, $ZN3SEXP(-R/FK)/(TZ3¥28.878) JAC 116
PAR=AVERENL /N3 JAC 117
DI{1)=GNKZMIRPAR/28. 94 JAC 118
RIC2)=PARB(IHIX(1,1802)/28.96-1,) JAC 119
BI{3)=2,2PARR(1,-1H3/28.96) JAC 120
DI(4)=0A%ZNIXPAR/28.,96 JAC 121
DI(3)=0HEXZN3SPAR/ 28,96 JAC 122
IF(Z-125,) 56936990 JAC 123

56 CONTINUE JaC 124
€ JAL 125
c INTEGRATION OF E@, & FOR DENSITY ABOVE 105 KM JAL 126
C JL 127
R=0, JaCc 128
D1=125. JAC 129
A1=105, JAC 130

400 CONTIME JAL 131
FAL1=9,80685/((1,4A1/6,T56766E43)8%2) Jak 132
FAL1=FAL/(TX4T1R(AL-125,)4T38(A1-125, ) 283+ TAR(A1-125,)824) JaC 133
FD1=9.80665/((1,4D1/6,356766E43)K42) JAC 134
IF(D1-125,) 45+45:30 JAC 135

45 FD1=FD1/(TX4T18(P1-125,)4738(D1~125, ) 833+ T42(D1-125, ) 434) JAC 136

GO 10 St JAC 137

50  FD1=FD1/{TX{A2RATAN(T18(D1-125.)%(1,+4,5E-48(D1-125,)8%2,5)/A2)) JAC 138
TZ=TXHAZRATANCTIR(Z-125, )R(1 44, 5E-68(Z-125,)442.5) /A2) JAC 139

51 R=0 JAC 140
NINT = JAC 141
PREV=0 JAC 142

SONE= (DI-A1)8(FALHFD1)/2, JAC 143

81 N=MH JAC 144
IF (N-M) B82,82+85 JAC 145

D-30



82

46 FX1=FX1/(TXHTIR(X1-125, 4T3 (X1-125, )AXI4TAR(X1-125, Y 484)

a2
83

84

83

430

L]

a

Loar I B e RV 3

[ I 2]

NINT = 2 % NINT

STHO=0,

DEL=(D{-A1)/FLOAT(NINT)

DO 83 I=1,NINT,2

X1=A14DELRFLOAT(I)
FX1=9,80665/((1,4X1/6,356766E43)482)
IF(X1-125,) 4844652

60 10 83

FX1=FX1/(TXHA2RATAN(TIR(X1-125, ) 8(1 . +4,5E-68(X1-125,)8%2,5) /A2) )

STHO=STHO4FX1
CUR=SOME+4 . $DELSTNOD

IF (EPSBARS(CUR)-ABS(CUR-FREV)) 84+85,85
PREV=CUR
SONE=(SONE4CUR) /4,

60 70 81

R=CUR/3. 1R
IF(A1,E0.125.) GO TD 430
M=z

A1=123,

G0 T0 400

CONTINUE

DENSITY ABOVE 105 KN

DO 41 I=1,5
DIT(I)=DI(I)X(TZ3/TZ)RK(1,+ALPHACT) )REXP(-ET (1) 8R/FK)
CONTINUE

DENS=0

BO 42 I=14¢

DENS=DENSHET(I)$DIT(I)/AV

CONTINUE

HEAN HOLECULAR WEIGHT FOR Z 105 K
EN=DENSXAV/ (DIT(1)4DIT(2)4DIT(IMDIT(4)4DIT(SHDIT(S))
LOG DENSITY

DL=ALOG10(DENS)

AN =ALOG10(DIT(1))
A02=ALOG1O(RIT(2))
AD =ALOG10(DIT(3))
AR =ALBG10(DIT(4))
AHE=ALOGI0(DIT(5))
IF(Z-500.) 47,48,48

47 DIT(4)=10,88(-¢)
48 AH=ALOG10(DIT(4))

AN =ANAX1(-0.» AN)
AD2=ANAX1(-0,rA02)
AD =ANAX1(-0.s AQ)
AR =AMAX1(-0,y AA)
AHE=ANAX1(-0,yANE)
AN =AKAX1(-0.y AH)
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JAC
JAC
JAC

JAC
JAC
JAC
JAC
JAC
JaC

JAC
JaC
JAC
JAC
JAC
JAC
Jal
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
Jac

JAC
JAC

JAC
JAC
JAC
JAC
JAC
JAC

JAC
JAC
JAC
JAC
JAC
JAC
JAC

Jac
JAC
JAC

146
147
148
149
150
151
152
153
154
135
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
1 7)1
172
173
174
175
176
177
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180
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182
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184
185
186
187
188
189
190
91
192
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194
195
196
197
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0

"

93

94

[ B o B =]

L]

L]

RETURN

TEMPERATURE AND DENSITY AT Z=300 KN

S=TX+AZIATAN(TIR375.4(1,44,5E-6%373, 882, 5)/42)

DI(6)=10,%K(73,13-39,4XAL0OG10(5) 15, S¥ALOGTO(S) ¥ALOG10(S) )

A1=500,
IF(7-500.) 49560+60

INTEGRATION OF EQ, & FOR DENSITY FOR 7 125 KM

49 A1=Z
40 FA1=9,80665/((1,4A1/6,356766E+3)182)
FAL=FAL/{TXHAZRATAN(TIRCAL-125, 1 e(1, 44, 5E-48(A1-125,)882,5)/A2))

=1
IF(2-500.) 61s62462

41 01=300.
62 FD1=9,80665/((1,4D1/6.356766E43)%%2)
FDI=FDL/(TX+A2RATANCTIR(DI-125, )% (1,44, 5E-6%(D1-125,)%82,5)/A2))

N=0

NINT = 1

PREV=0
SONE=(D-A1)X(FAL4FD1) /2,
N=Nt1

IF (N-H) 92:92:95

NINT = 2 ¥ NINT

STH0=0.
DEL=(D1-A1)/FLOAT(NINT)
DO 93 I=1,NINT,2
X1=A14DELRFLOAT(I)
FX1=9,80665/((1,4X1/6,356766E43)%%2)

FYX1=FX1/(TXHAZRATAN (TIR(X1-125. ) 0(1, +4,5E-6X(X1-125, )%%2,5)/A2))

STWO=STWO4FX1

CUR=SONE+4, XDELXSTHO

If (EPSXABS(CUR)-ARS(CUR-PREV)) 94595593
PREY=CUR

SONE={SONE+CUR) /4.,

G0 10 91

R=CUR/3.,

TEMPERATURE AT Z 500 KM

TZ=TXHAZRATAN(TI8(Z-125,)8(1,44,5E-68(Z-125,)842,5)/A2)
[F(Z-500.) 63164164

83 R=-R

DENSITY OF HYDROGEN FOR Z 500 KN

44 DIT(6)=DI(4)8(S/TZ)SEXP(-ET(6)AR/FK)

60 10 36

END

SUBROUTINE JACCH(ZsPHIRy THET+PHsDHs TH)
COMMON/COMJAC/XLAT s XLONG s SDA+SHA» DYsRs TrEN
COMMON/TOTEMP/IOTEN1 » IOTEM2 IUG s NWCOP + DDy XN.ID PHI1, PHI s
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JAC
JaC
JaC
JAC
JAC
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JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JaC
JAC
Jac
JAC
JAC
JAC
JAC
JAC
JAC
JAC
JHC
Jac
JAC
JAC
JAC
JAC
JAC
JaC
JACC
JACC
JACC

200
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214
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216
217
218
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224
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. NSAMEsRP1s RD1s RT1» SP1s SDis STLs RULs» RV1s SULs SV1sJACC

$ K IDA» IVRs Hiy PHIIRsTHETIRyGsRIvHsCLATICLON +F10sF10BrAPy
o THRsMINyHMORE « DX sHL sYUL s D2

JACCH CALCULATES THE PRESSURE» DENSITY, AND TEMPERATURE AT A
FOINT IN SPACE ABOVE 90 KN FOR A PARTICULAR TIME

INPUT

Z = HEIGHT IN KN

PHIR = LATITURE IN RADIANS

THET = LONGITUDE IN DEGREES (0 TO 340 DEGREES TURNING MESTWARD)
F10 = SOLAR RADID NOISE FLUX (XE - 22 WATTS/M2#2)

F10B = 81-DAY AVERAGE F10

AP = GEOMAGNETIC INDEX

N = HONTH (FOR YEARLY MEAN VARIABLES N IS SET TO 13)

IDA = DAY OF MONTH

IR = YEAR

IHR = HOUR OF DAY (UNIVERSAL TIME)

NIN = BINUTE (UNIVERSAL TIME)

XMJD = HEAN JULIAN DAY (SET EQUAL TO ZERD FOR ANNUAL KEAN)
DD = DAY NUMBER WITH RESPECT TO JAN 0 OF YEAR IYR

QuTPUT

PH = PRESSURE IN UNITS OF NT/N&x2
DN = DENSITY IN UNITS OF KG/K$$3
TH = TERPERATURE IN KELVIN DEGREES

DD = DAY NUMBER WITH RESPECT T0 JAN 1 OF YEAR IR
REPLACENENT OF SUBROUTINE VARIABLES TO INSURE NO CHANGES IN THEN
R = 0,31
XLAT = PHIR
XLONG = THET
IF (K.ED.13) 6O T0 50
CALCULATE SOLAR DEC. AND HOUR ANGLE
CALL THE
EXOSPHERIC TENPERATURE
CALL TINF
60 10 75
50 T = 100000

TENPERATUREs MOLECULAR WEIGHT» AND DENSITY WITHOUT SEASONAL
VARIATIONS

75 CALL JAC(Z»THsDH)
It (M.£Q.13) 6O TO 300
YDA = 385.0
J1 = MOB(IYR:4)
IF {J1.EQ.0) YDA = 366.0
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JACC
JACC
JACC
Jact
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
Jact
JACC
JACE
JACC
JACC
JacC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JACC
JaCC
JACC
JACC
JACC
JACC
JACC

O N O~ N

11
12
13
14
15
16
17
18
19
20
2
2
23
24
25
2
27
28
29
30
3
2
3
3
35
3
37
38
39
40
4
12
13
M
45
4
47
18
9
50
51
52
53
54
55
56
57



C1 = SIN((360, / YDA) ¥ 0,0174532925 ¢ (DD + 100.0))
IF (PHIR) 80y70,80

70 €2 = 0.0
60 10 %0

80 C2 = (SINCPHIR) %% 2) % (PHIR / ABS(PHIR})

[ar]

DENSITY WITH SEASONAL VARIATIONS

Lor Bl or

90 290 = I - 90,0
DLRHO = 0,02 X 790 ¥ EXF(-0,045 % 790) & C1 ¥ (2
DH = DH ¥ EXP(DLRHD)

MOLECULAR WEIGHT WITH SEASONAL VARIATION

Lov B o I o]

IF (Z - 120,0) 10051005150
100 €M = EM + 0,006 % 790 ¥ C1
G0 TO 250
150 IF (2 - 230,0) 20012501250

JACC
JACC
JACC
JACC
JACC
JACC
JACC
JacC
JACC
JACC
JACC
JACC
JacC
JACC
JACC
JACC
JACC
JACC

200 DEN = EXP(-0,02424 3 790) % (0,0316 ¥ 290 - 0.0002257 ¥ I90 ¥ Z90)JACC

EM = EN + DEM ¥ C1%0.5

TEMPERATURE WITH SEASOMAL VARIATIONS

Lo o BN o]

250 IF (Z-260.0) 270,300,300
270 7110 = 7 - 1100
DTH = -2,291753 & 2110 + 0.02154336 & 111087110~ 4,1766671E-05 &
$ (2110 1% 3)
DTH = EXP(-0,290455 # S@RT(ABS(2110)))% DTH
TH = TH +(RTH ¢ C1 % C2 &TH) / 100.0
C
C DENSITY IN METRIC UNITS AND PRESSURE CALCULATED

C
300 DH = DH ¥ 1000.0
PH =((DH & 8,31432  TH) / EN) % 1000.0
RETURN
END

SURRGUTINE NORMAL(D1+D2)
C.....FRODUCES 2 RANDON NUMRERS, D1, D2» PICKED FROM A NORMAL DIST,
C  WITH ZERD MEAN AND UNIT VARIANCE
REAL L
50 X = RAND(O)
Y = 2IRAND(O) - 1
XX = X282
YY = Y$e2
S = XX+ YY
IF (5-1) 51,5150
S5t L = SORT(-2%ALOG(RAND(0)))/S
0L = (XX-YV)RL
D2 = 20X8Y8L
RETURN
END
SUBROUTINE PDTUY (PSPs DSPs TSPs CLAT» CLONs IHs PSs DSy TS,
$ DPXs DPYy DTXy DTYsDP2X:DP2YsDPXY)
Coovo o INTERPOLATES STATIONARY PERTURBATIONS ON LATITUDE AND LONGITUDE
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NORM
NORM
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NORM
NORN
NORM
NORM
NORH
NORYM
NORH
NORM
NORH
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PDTY
PDTU
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59
60
61
62
63

83
66
87

89
70
71
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76
77
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%
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82
83
84
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c AT HEIGHT IH PDTU

DIMENSION PSP(8510912)sDSP(B510912)»T5P(810,12) PBTY

IF (IH.LT.52) 6O TO 10 PoTU

ar (IN.GT.84) 60 TO 20 POTY

L HEIGHT INDEX K POTU
K = ((IHt4)/8) - 4 PBTU

60 T0 30 PDTU

10 K = (IN-20)/10 PDTY

60 T0 30 PDTY
20K=8 PbTU

30 XLON = CLON PDTU

IF (CLON.LT.10.) XLON = 340, + CLON POTU

C LOWER LONGITUDE INDEX J PBTU
J = INT((XLON + 20.)/30,) PBTY
CoovosDLON - RELATIVE LONSITUBE DEVIATION FRON CORNER REFERENCE LOCATIONPDTY
DLON = (XLON - 30.%J + 20,)/30, PDTU

c UPPER LONGITUDE INDEX JP POTU
JP = JH PDTU

IF (JP.6T.12) JP=1 POTY

€ LOWER LATITUDE INDEX I POTU
I = INTC(CLAT + 110.)/20,) PDTU

D UPPER LATITUDE INDEX IP PBTU
IP=141 PDTU

IF (IP,6T,10) IP=10 PRTU
CevessDLAT - RELATIVE LATITUDE DEVIATION FROM CORNER REFERENCE LOCATION POTU
DLAT = (CLAT-20,81 + 110.,)/20, PDTY

c PRESSURE LAT-LON INTERPOLATION POTU

PS=PSP(Ks Iy J)+(PSP(Ky IPyJ)-PSP(Ks 1v.J) )SDLATH(PSP (Ko I3 JP)-PSP(Ky I, JPDTY
1) Y8DLON+(PSP(Ky IP+JP)-PSP(Ks 19 JP)-PSP(Ks IPy J)4PSP(K+ 1+ J) ) EDLATE  PDTU
2DLON PDTU
¢ DENSITY LAT-LON INTERPOLATION PDTU
DS=DSP(K» 1y J)+(DSP (K IPyJ)-DSP(KyI+J) )8DLATH{DSP(K+ 1+ JP)-DSP(K» I+ JPDTU
1) )RDLONH(DSP(Ky IPy JP)-DSP(K+ 15 JP)-DSP(Ks IPs JI4DSP(Ks I+ J) ) EDLATE  PDTU
2DLON POTU
C TEWPERATURE LAT-LON INTERPOLATION PDTU
TS=TSP(K» Iy )+ (TSP(Ky TPy J)~TSP(K+ T +J) YSDLATH(TSP(Ky I+ JP)-TSP(Ky 1+ JPDTU

1))ADLONHCTSP(Ky IPy JP)-TSP(Ks Iy JP)-TSP(Ks IPs J)+T5P(K+ I+.J) JEDLATE  PDTU
2DLON POTUY
CovveoDPX - DP/DX FOR GEOSTROPHIC WINDS PDTU
DPX = (PSP(KsIsd) - PSP(KsIvJP)) / 6, POTU

DPX = DPX + ((PSP(KsIPsJ) - PSP(K+IPsJP))/6, - DPX)EDLAT PBTUY
CoooosDPY - DP/DY FOR GEOSTROPHIC WINDS POTU
DPY=(PSP(KyIPy J)-PSP(KsIsJ)) /A, PDTY

DPY = DPY + ((PSP(KsIPsJP) - PSP(K+I,JP))/4, - DPY)SDLON PDTY
CoerodDTX - DT/DX FOR THERMAL WINRS PBTU
BTX = (TSP(KyIsd) - TSP(K+LsJP)) / 6. POTU

DIX = DTX + ((TSP(KyIPsJ) - TSP(KsIPsJP))/6, - DTX)ADLAT PRTU
CoveeoDTY - DT/DY FOR THERNAL WINDS PDTU
DTY = (TSP(KsIPs ) - TSP(KsIsd)) / 4, PDTU

DTY = DTY + ((TSP(KsIPsJP) - TSP(KsI»JP))/4, ~ DTY)RDLON PDTU

IF (IP.6T.9) 60 TO 90 PDTU

DPXY = (PSP(KyIPyJ) ~ PSP(KyIPrJP) - PSP(KsIvd) + PSP(K+1+JP))/24,PDTY
JX=J-1 PBTU

IF (IXLT. 1) JX = JX ¢+ 12 PDTU

D-35

0O~ O~ N

i
12
13
14
15
16
17
18
19
20
2
2
23
Ll
25
2%
27
28
vl
30
3
32
13
3
35
3
7
38
39
40
I
2
3
m
45
46
7
48
49

31
32
33

35
36
37



90

Ir=1-1 PDTU
DP2X = (PSP(KsIsJX) - PSP(KyIvJP})/6. PDTU
DP2X = DP2X + ((PSP(K»IPsJX) - PSP(KyIPyJP))/6, - DP2X)EDLAT PDTU
DF2Y = (PSF(KyIPsd) - PSP(KsIYsd))/4, POTU
DP2Y = DP2Y + ((PSP(KsIPsJP) - PSP(KeIYyJP))/4,~ DP2Y)XDLON PDTY
RETURN PDTUY
DP2X = 0. PDTY
DP2Y = 0. PDTY
pPXy = 0, POTU
RETURN PDTU
END PDOTY -
SURRDUTINE PEETRE PERT
COMMON/ TOTEMP/ TOTEKT + TOTEN2s TUG  MSCOP » DDy XHUD 1 PRI s PHI s NSANE » PERT
$PL1sDLE TLEsSPLEoSDLEsSTLESULT VLT SULTSSVLT o NNs IDASTYRY PERT
1PHsFLATY PERT
X PLON:GsRyCHsCLATsCLONsF10sF10RsAPs THRy MIN ¢ MMORE » DX s B VLo DZy PERT
2B+EPSs IOPP LOOKs IETsFLATsPS1+DS ¢ TS1,USEVS1+5PS145DST PERT
3ST51,5US9SUS1,UDST, VDS UDLTVDLE S UDS2,YDS2,UDL2,VDL2 PERT
COMNON /COMPER/SP2:5D255T2:P24D2¢T25U2+Y2¢5U2:5V25CF PERT
1PS2s D62 TS21US2+US2s PERT
PL2: 02 TL22UL 292y PERT
35PS2+ 50529 ST524SLIS295V52) PERT
ASPL2+SDL2+STL2»SUL2,SYL2 PERT
COMMOM/WINCON/ DUNMC1L) T PERT
BLON = ARS(CLON-PLON) PERT
PI = 3.1415927 PERT
IF (DLON.GT.PI) DLON = 2,%P1 - DLON PERT
X = RXSORT( (CLAT-PLAT)¥%2 + (COS(CLAT)&(DLON ))e82) PERT
CovorsDX IS HORIZONTAL DISTANCE RETWEEN POSITIONS PLAT/PLON AND CLAT.CLOPERT
AH = 900, PERT
BH = 6. PERT
HORIZOWTAL WAVELENGTHs KN PERT
HLL= AH + BH¥CH PERT
DPHI = (90, - ABS(PHI1))¥¥2 PERT
DHGT = 0,22 + 0.002583 (SERT(ARS(CHIXX3)) PERT
IF (DHBT.GT.5.) DMGT = 5. PERT
YDsS = (11,0 - 2,102E-43DPHI) XDHGT PERT
UTS = (3,0 + 5,146E-48DPHI Y XDHET PERT
WS = (6,2 ~ J.615E-4¥DPHI ) KDHET PERT
UBL = (20.7 - 1.346E-38DPHI)ADHGT PERT
YTL = 7, JXDHGT PERT
VL = (31,2 - 3,503E-JXDPHI) #DHGT PERT
HLS = 20, + ,0125RCHECH PERT
IF(HLS.GT.400.) HLS = 400, PERT
HLS = (DIX/HLS)$%2 PERT
HLL = (DX/HLL)X%2 PERT
RDS=GART (HL5+(DZ/VDS)x2) PERT
IF{RDS.LE,100,)60 TO 10 PERT
RDS=0., PERT
60 TO 20 PERT
RDS=1,/EXF{RDS) PERT
RTS=SQRT(HLS+{DZ/VTS)142) PERT
IF(RTS.LE,100.)60 TO 30 PERT
RTS=0, PERT
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3L

70
80

90
100

110
120

60 70 40

RT5=1,/EXP(RTS)
RVS=SGRT(HLS+(DZ/VUS) 332)
IF(RVS,LE,100,)60 TO 50
RVS=0,

60 10 40

RV5=1, /EXP(RVS)

RDL=SQRTCHLL+(DZ/VYTL)¥82)
IF(RDL,LE.100.)60 TO 70
RDL=0.

G0 TO 80

RDL=1,/EXP{RDL)
RTL=50RT(HLL+(DZ/VTL) #32)
IF(RTL.LE.100,)G0 TO %0
RTL=0,

60 70 100

RTL=1./EXP(RTL)

RVL=SORT (HLL+(DZ/VUL)3$2)
IF(RW..LE.100.)60 TO 110
RVL=0,

GO 10 120

RVL=1./EXP(RVL)

CONTINUE

CALL CORLAT(ASyBSsCSsDSIESIFSrGSsNS1AISIALS AKS»SPS11SPS2,SDS1
1 5D52s5751+5T52y5U51, SUS2¢5VS1,SVS25UDS s UDS25 VDS 1 s VDS 2, RDS 1 RTSs

2RVS)

CALL CORLAT(ALrBLsCLsDLIELsFLIBLYHL rAILsAJL 1 AKLSPLESPL2SDLT)
1 SDL2ySTL1»STL2ySULTSUL25SVLT s SWL2yUDLT»UDL2,YDLE 1VDL2s

2RDLsRTL sRVL)

CALL NORMAL (ZD,ZT)
DS2=ASKDS14BSKZD
T52=CS¥TS14D58DS24ES8ZT
P§2=DS24752

CALL NORMAL(ZD,ZT)
US2=FSHUST+658D52+HS2ZD
V52=AISIVS11AJSIDS2+AKSEZT
CALL NORMAL(ZDyZT)
DL2=AL¥DL 1 {BLAZD
TL2=CLATL14DLIDL24ELRZT
PL2=DL24TL2

CALL NORMAL(ZDsZT)
UL2=FLRUL 1 +6LRDL24HL#ZD
W2=ATLIAL I HAJL XDL24AKLEZT
P2=P524PL2

D2=DS24DL2

12=T5247L2

U2=Us2+0.2

V2=Y52+WL.2

UDL1=upL 2

UDS1=ubs2

UDL1=yDt2

VDS1=yp52

RETURN

END
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SURROUTINE PHASE(D1sX1sD2sX2+DsX) PHAS

FER = 870, PHAS

IF (X2-%1) 20+10,20 PHAS

10 =M PHAS
RETURN PHAS

20 DA=D1 PHAS
DB = D2 PHAS

PER2 = PER/2. PHAS
IF(ARS(DB-DA),LE.PER2)GO TD 30 PHAS

IF (DA.LT.PER2) DA = DA + PER PHAS

IF (DR.LT.PER2) DB = DR + PER PHAS

30 DA = DA 4 (DR - DAYK(X - X1)/(X2 - X1) PHAS

IF (DA,GT.PER) DA = DA - PER PHAS
IF(BA.LT. 0, ) DA=DALPER PHAS
D=1DA PHAS
RETURN PHAS

END PHAS
SURROUTINE QBOGEN GB0G
CveoeCOMPUTES QRO VALUES PB,D@yTQsUBsYQ AT HEIGHT Hy LATITUDE PHI 0B06
C ON JULIAN DAY XNJD FROK ARRAYS OF ANPLITUDES PAR,DAQsTAQ: 0BOG
C UAQVAQ AND PHASES PDQ.DRQ,TDA,UDG,VDA, 0BOG
CONNON/TOTENP/ IOTEM » IOTEN2 UG NMCOP » DDD XKD PRIL»PHI» aB06

' NSAMEsRP1: RD1s RT1s SPis SD1s STis RUL» RV1» SUL» SV1,0ROG

¢ KN IDAr IYRy Hiy PHILRsTHETIRsGsRIoHiPHIRsTHETRsF10+F10B+AP»  QBOG

+  IHRoMINsMHOREs DX sHL W DZ 0B0G6
CONMON/PDTCON/TUA 1 HONTH» IOPRsPG(18+19) 1 TG(1B+19),15(18+19) QROG

» #PSP(8:10+12) 0B06

, tDSP(B+10512)sTSP(8110+12),PAB(17,5)sDAG(175)9TAB(1745)s Qpo6

. PDAC17+5)s0DAC1755) ¢ TDA(1755) sPR(20+10) sDR(20¢10)»TR(20¢10)+ 0B0S
JLUAQ(17+5) 1VAQ(1715) yUDB(17+5) 1VIQ(17+5) sUR(25:10) s VR(25+10) QBOG

+ +P@sDQy T L0,V Y

+ 1PAYDAL TASUASVA, IOPE QROG

IF (XMJD.GT.0,AND,I0PR.EQ.1) B0 TO 10 GBO6

C SETS 8BO VALUES TD ZERQ FOR ANNUAL MEAN QRO6
Pa =0. (B06

p@=0. GB0G

10=0, (B0G

ue=0, @BoG6

va=0, 0BOG
RETURN @B06

C LOMER HEIGHT INDEX {B0G
10 IH = INT({H-5,)/3,) 0BO6

IF (IH.LT.1) IH=1 2B0G

C UPPER MEIGHT INDEX 4B06
IP=IH+1 aBoG

IF (IPGT A7) IP = 17 (B0G

PHA = ABS(PHD) aBo6

€  LOMWER LATITUDE INDEX 0B0G
QB0G

“JL = INTCC FPHA 4 10.)720)) 806G

c UPPER LATITUDE INDEX 0BOG
J=a+1 @806

IF (JL,LE.O) JL=1 QBOG

IF (JP.BT.S) JP=5 (ROG
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L JULIAN DAY FOR JAN 0r 1964
XKJDD = 2439126
£ TINE RELATIVE TO JAN 0s 1966
THJD = XMJD-XN.IDO
c 23P1/PERIODSPERIOD = 870 DAYS
PER = B70,
TP = 8,2831B53/PER
c LOWER HEIGHT
HI = 5. + 5.8IK
C LOMER LATITUDE
PHIJ = 20.80L - 10,
¢ UPPER LATITUDE
PHIP = 20.%.JP-10,
Covvr o INTERPOLATES @BO PoDsT AMPLITUDE ON LATITUDE AT LOWER HEIGHT
CALL INTERZ(PAQ(IHsJL)sDAG(IHsJL)»TAQ(IHs JL) 1PHIJsPAD(IHs JP) )
1DAB(IHs JP) s TAR(THs JP) 1 PHIPsPALs DAL s TA1 sPHA)
c UPPER HEIGHT
HP = 5.43.31P
Cover o INTERPOLATES GBO PyDsT AMPLITUDE ON LATITUDE AT UPPER HEIGHT
CALL INTERZ(PAQ(IPyJL)sDAGCIPJL) s TARCIP+JL) +PHIJsPAB(IP 1P},
2DAQCIP Y JPY s TRACIP s JP) yPHIP1PA2¢ DA2: TA2:PHA)
Cevos INTERFOLATES QBO P»[yT ANPLITUDE ON HEIGHT AT LATITUDE PHI
CALL INTERZ(PA1sDA1sTALyHIsPA2:DA2rTAZ1HF 1PAsDASTAIH)
Coo oo o INTERPOLATES @BO PsDyToUsV PHASE ON LATITUDE AND HEIGHT
CALL PHASE(PDR(IHyJL)»PHIJsPBA(IHIJP) sPHIPsPD1sPHA)
CALL PHASE(DDA(IHsJL)+PHIJsDDR(IHyJP} +PHIP+DD1sPHA)
CALL PHASECTDRCIHy JL) sPHIJ»TDACIHs JP) sPHIP»TLH 1PHA)
CALL PHASE(PDQ(IPyJL) rPHIJ+PDR{IPsJP) s PHIP1PD2sPHA)
CALL PHASE(DDOCIPyJL) yPHIJsDDA(IPs JP) +PHIP ) DD2s PHA)
CALL PHASE(TDQUIFsJL) PRI TDQCIPsJP) s PHIP) TD2/PHA)
CALL PHASE(PDIsHIsPD2+HP1PDIH)
CALL PHASE(DD1sHIsDD2sHPsDDsH)
CALL PHASE(TD1sHIsTD2sHPs TINH)
CALL PHASE(UDBCIHsJL) yPHIJsUDRCIHs JP) s PHIPUDL s PHA)
CALL PHASECUDQ(IHsJL) oPHIJoUDR(IHs JP) s PHIF YD1 ¢ PHA)
CALL PHASECUDQ(IP+JL)sPHIJsUBRUIP»JP) sPHIPUDZs PHA)
CALL PHASE(VDACIPsJL)sPHIJsVDR(IPyJP) »PHIPs VD2 PHA)
CALL PHASE(UDIsHIsUD2sHP s UDsH)
CALL PHASE(UDL¢HIsUD2sHPsVIsH)
Covoo o INTERPOLATES GRO WIND AMPLITUDE ON LATITUDE AT LOMER HEIGHT
CALL INTERW(UAG(IHyJL) sVAQCIHJL) sPHIJoUAQCTHs JP) s VABCTHs JP)
SPHIF s UAL s VAL ¢ PHA)
Coovss INTERPOLATES OBO WIND AMPLITUDES ON LATITUDE AT UPPER HEIGHT
CALL INTERW(UAQCIPsJL) +VABCIPyJIL) sPHIJUARCIP Y JP) 1VABCIPy JP)y
SPHIPUA2s VA2, FHA)
Covee o INTERPOLATES QRO WIND AMFLITUDES ON HEIGHT AT LATITUDE PHI
CALL INTERW(UALsVAL/HI UA21VA22HP sUAsVAIH)
CevvesEVALUATES GRO VALUES FROM INTERPOLATED AMPLITUDES AND PHASES
PG=PARCOS(TF3(TXJD-PD))
DQ=DARCOS(TF2(THJD-DD))
TB=TARCOS(TP(THJD-TD) )
U=UASCOS(TPS(THID-UD))
VO=VASCOS( TPX(TKJO-UD))
RETURN
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END
FUNCTION RAND(X0)
Cvvvr PRODUCES A RANDOM NUMBER FROM A UNIFORM DIST. FRON 0 TO #1
INTEGER X0
IF (XO0.NE.0) X = X0/262144,
X = X¥309
X=X - INT(D)
RAND = X
RETURN
END
SUBROUTINE RIG
COMSON/ TOTENP/IOTENL s IOTEN2 TUG 1 NCOP DDy XHJD s PHI1 s PHI»

@B0G
RAND
RAND
RAND
RAND
RAND
RAND
RAND
RAND
RAND
RIG

RIG

' NSAMEsRP1» RD1s RT1, SP1r SDis ST1» RUL»y RVLs SULy SV14RIG

§ Wy IDAr IYRy His PHIIR+THETIR/GsRIsHsPHIR, THETR+F10:F10B+APy

«  THR+NINsMHORE s DXsHL sV s [iZ2 B4 EPS
IRP1SsRD1SIRT1S RUISsRY1525P1595D1S»ST15,5U1555Y15y
2UnS1+YDS1 pUBLY VDL 15 UDS2,VDS2s UDL2 VDL
Cover GRAVITY 6 AT He LATITUDE PHIR (RADIANS)
Coers RADIUS RI FROM CENTER DF EARTH TO HEIGHT H
CoveeoB = POLAR EARTH RADIUSs EPS = ECCENTRICITY
CPHI2 = COS(PHIR) *x 2
£ EARTH RADIUS
RI = R / SORT(1, - EPS ¥ CPHIZ)
c C2PHI = COS(28PHIR)
C2PHI = 2, X CPHI2 - 1,
C C4PHI = COS(44PHIR)
CAPHI = 8, X CPHI2 % (CPHI2 - 1) 1 1,
CiveosG AT SURFACE

RIG
RIG
RIG
RIG
RIG
RIG
KIG
RI6
RIG
RIG
RIG
RIG
RIG
RIG
RIG

G = 9,80614 ¥ (1, - 0,0026373 & C2PHI + 0.0000059 8 C2PHI ¥ C2PHIIRIG

CoooooEFFECTIVE RADIUS

RE = 2, X G / (3,085462E-3 + C2PHI & 2,27E-6 - CAPHI % 2,E-9)

C G AT HEIGHT H

6=6/ (1, + (H/RE)) X2
C RADIUS AT HEIGHT H

RI =RI +H

END

SUBROUTINE RTERP(HsPHIsPRsDRsTR+PsDsT)
Coves CONFUTES RANDOM PERTURBATION STANDARD DEVIATIONS PsDsT AT
c HEIGHT H (KM)» LATITUDE PHI(DEGREES) FROM SIGMA ARRAYS
C FRr:OR+AND TR

DINENSION PR(20¢10)sDR(20+10) TR(20+10)
Coeersl = LOMER HEIGHT INDEX

IF (HLT,95,) T = INT((H-20.)75)

IF (H.BE.95.) T = 14 + INT((H-80.)/20.)

IF = 141

IF {IP.6T,20) IP = 20
C LOMER LATITUDE INDEX

J = INTU(PHI + 110.)/20,)

JP =

IF (JP.6T,10) JP=10

IF (I.GT.14) GO TO 10
¢ LLONER HEIGHT FOR PRyTRsER ARRAYS

Z1=5, %1420,

G0 T0 20
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10 21=20,%(1-10)
20 IF (IP.GT.14) 6O TO 30
C UFFER HEIGHT FOR FRsDRsTK ARRATS
12=5.41P420,
G0 70 40
30 22=20.%(1F-10)
40 PHI1=-110,420,1J
FHIZ2=-110,420,x0p
Covvo o INTERPOLATE ON LATITUDE AT LOWER HEIGHT

CALL INTERZ(PR(T+J)sDRCIsJ)oTRCT o1 sFHILsPRITvJF) (IR (Iodf),

1 TREDs JPYsPHI2921 oD TESFHI)
Courr s INTERPOLATE ON LATITUGE AT UFPER HEIGHT

CALL INTERZCFRCIF S 03 o IRCIFSSY s TRUIPy ) sPHILs PRUIF) JP) s DRCIPy F) o

1 TRCIPs IRy PHI2sP24025T2+PHI)

Covro INTERPOLATION ON HEIGHT USING LATITUDE INTERPOLATER VALUES

CALL INTERZ(PLsD1sT1sZ10P29D2yT2:724P oDy T )
RETURN
END
SUBROUTINE RTRAN
COMNON/IOTEMP/IOTEM1, IOTEN2, UG
COMKON/COTRAN/NDATA(19) « 114124135 14(10) 415
CovorJENTRY POINT TO READ STATIONARY PERTURBATION DATA« AND
C RANDON FERTURBATION DATA IN SETUP
IWHERE=2H,
REAR(IUGs 100/END=3) NDATA
100 FORMAT(A2¢1917)
RETURN
ENTEY RTRAN1
CovorsENTRY POINT TO READ GROVES DATA IN SETUP
INHERE=2H1,
READCIUG»100+END=3) NDATA
T1=NDATA(L)
[2=NliATA(2)
13=NDATA(Z)
I5=NDATA(14)
I 1 I=1410
1 T4(D)=NDATACI4D)
RETURN
ENTRY RTRAN2
Coe o oENTRY POINT TO READ GHO PARAMETERS IN SETUP
[WHERE=2H2,
READCIUGY 1005ENDI=3) NDATA
[1=NDATA(1)
[I=NDATA(2)
1o 2 I=1.10
2 T4(1)=NDATA(24])
RETURN
3 BRITE(6,200) TUGs IWHERE
200 FORMAT(*1 FREMATURE END-OF-FILE FOUND ON UNIT *,12/
Z'0 CALLED FRON SURROUTINE RTRAN®sA2)
sToP
END
SUBRGUTINE SCIMOL(NPQP)

Covsr CONPUTES VALUES PeDnTsUsY AND SHEAR DUH<DVH FROM INPUT ANII
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OO OO o

ARRAYS IN COMMON PDTCON, INPUT TO SCINOD ISX SCIN

6 = GRAVITY AT POSITION RI = RADIUS AT HEIGHT H SCIM
PHIR = LATITUDE (RADIANS) THETR = LONGITUDE (RADIANS) SCIN
F10 = F10.7 SOLAR FLUX F10B = MEAM F10.7 FLUX SCIM

AP = SOLAR-GEOMAGNETIC & SUB P INDEX SCIN
WN/IDA/ZEYR = DATA (IYR = FULL YEAR-1900) SCIN
IHRIMIN = TIME Hi = PREVIOUS HEIGHT SCIN
PHIIR = PREVIOUS LATITUDE THETIR = PREVIOUS LONGITUDE SCIN
RP1,RD1yRT1 = PREVIDUS RANDOM PERTURBATIONS SCIM
SP1,SD1sST1 = PREVIOUS RANDOM STAMDARD DEVIATIONS (SIGMAS) SCIN
RU1RVI = PREVIOUS RANDOM WINRS SCIM
SULsSY1 = PREVIOUS RAMDOM WIND SIGHAS SCIN
COMMON/IPRTR/ IPRT SCIN
COMMON/ TOTENP/I0TEML » IOTEN2+ IUGyNNCOP DD+ XHJD PHI1 ) PHI» SCIM
NSANE sRP1L sRIMLsRT1L»SPALSDILsSTILRUILsRULLSULL SVILY SCIN
$ #N: IDAy IYR» His PHIIRs THETIRsGRI rHePHIRs THETR¢F10sF10R1 APy SCIM
. IHR»HINsNMORE s DXrHL VL DZsBsEPS JOPP1LOOK s [ETFLATs SCIM
{RP1S+RO1SIRTLSsRU1S1RVIS 25P1Gs5D1Ss5T1SsSULS5VISH SCIN
2UDS1 s VDS UDLT P UDLE S UBS2,UDS2,UDL2,VDL2 SCIM
COMNON/PITCOM/ TUAy MONTH, TOPR/PG(18119)76(18119)5D6(18519) SCIN
« sPSP(8+10+12) SCIH
, +DSP(Bs10512) s TSP(8910+12) sPAB(1795)DAR(17+5) 1 TAR(1713)s SCIN

. FDB(17y5)»DBA(17+5)sTDA(17,5)sPR(20,10) ) DR(20+10)+TR(20+10) SCIN
JLUAB(17¢5) ,VAB(17+5) s UDA(17+5) 1UDR(1795) sUR(25v10)sYR(25510)» PO SCIN

~0 O O

. +D@y TQUQ Y0 FOA DOA TRAIUAS VA TOPE) SCIN
{PLE(25¢10)+fLP(29910) » TLF(25,10)s SCIN
ULP(25:10) sVLP(25910) 1 UDL(25510) s SCIX
3UDL(25¢10) +UUDS(25+10),VD5(25,10) SCIN
COMMON /C4/ GLAT(16)GLON(16)1NGsPAD(1626)DAD(16126)yTAD(16+26)sSCIN
., SP4(16926)15D4(16226)s5T4(16526) s THET1s THET DUNNY SCIH
COMMON/CONFER/SPHy SDNySTHs PRH» DRHy TRHy URH: URH» SUH» SYH+ CPy SCIM
1PRHS + DRHS » TRHS s URHS + URHS s PRHL  DRHL s TRHL s URHL » URHL » SCIN
FSPHS » SIHG y STHS » SUHS » SYHS » SPHL » SDHL » STHL » SUHL » SVHL SCIK
CONMON/WINCON/DHy FCORY » DX51DYS ¢ DPX DPY 1 DPXX s DFXY s DFYY  UGH,VGHs  SCIM
$  THsDTXsDTYsDUHsDVHePH sUPREsVPRE, DUPRE » DUPRE SCIN
COMMON/CHE/PCK{41493) sDCK (4545 3)sND(2) SCIN
COMMON/CHIC/LA(414) yNE(2) 1 IWSYKUCOEF (141 9) sUCOEF (14,9) SCIM
FACTOR FOR RADIANS TO DEGREES SCIN
FAC = 57.2957795 SCIN
INSYH = * ! SCIK
IF(NPOF NE.0) GO TO 6 SCIK
UPRE=0. SCIN
VPRE=0. SCIK
DUPRE=0, SCIM
WPRE=0., SCIN
P@=0, SCIN
pa=o0, SCIM
T@=0, SCIN
PRH=0. SCIN
BRH=0. SCIN
TRH=0, SCIN
URK=0, SCIN
URH=0, SCIN
u0=0, SCIN
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C

c

CeovosFCORY = NORTH CONPONENT CORIOLIS FACTOR TIMES DISTANCE FOR

c

CovreoIN JACCHIA OR MIXED GROVES-JACCHIA HEIGHT RANGE
8 IF(H.6T.90.0) GO TO 10

va=g,

PRA=Q,

DOA=0,

Tm:o.

m=0.

Va=0,

P5H=0,

[ISH=0,

TSH=0,

NONTH=HN

PRESENT LATITUDE. DEG
PHI = PHIR$FAC
FRESENT LONGITUDE, DEG
THET = THETR¥FAC
PREVIOUS LATITUDE, DEG
FHI1 = PHIIRSFAC
PREVIOUS LONGITUDEs G
THETY = THETIRFAC

3 DEGREES OF LATITUDE
DYS = 5000.4RI/FAC
DX5 = DYS#COS(PHIR)

FCORY = DYSESIN(PHIR)/(120.%FAC)

CosesrIN 4-D DATA HEIGHT RANGE

C

10

Covro FOLLOWING IS THE PURE JACCHIA HEIGHT RANGE SECTION

IF (H.LE.25.0) 60 TO 500

IN GROVES OR HIXED GROVES 4D HEIGHT RANGE
* 60 TO 200
CovessIN BIXER JACCHIA-GROVES RANGE» NEED TO FAIR DATA

IF (H.LT,115.) 60 TO 20

Coovr s JACCHIA VALUES AT CURRENT POSITION
CALL JACCH(HyPHIR s THET 1PHy DHy TH)

Civor ) JACCHIA VALUES AT CURRENT POSITION4S DEGREES LAT: FOR DP/DY AND

C

Cevess JACCHIA VALUES AT CURRENT POSITION-5 DEGREES LONs FOR DP/DX AND

C

C

c

PHIN = PHIR + S, / FAC
THETE = THET - 5.

bT/BY

CALL JACCH(Hs PHIN» THETsPHNy ['HMN» THN)

DT/DX

CALL JACCH(HsPHIR» THETE s PHE s DHE » THE )

DP/DY FOR BEOSTROPHIC WIND
DPY=PHN-PH

DP/DX FOR GEOSTROPHIC WIND
DPX=PHE-PH

DT/DX FOR THERMAL WIND SHEAR
DTX = THE - TH

DT/DY FOR THERMAL NIND SHEAF
BYY = THN -~ TH

CHANGE MOTATION FOR DUTPUT
PGH=PH

BGH=DH

T6H=TH
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57
38
39
60
81
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85
66
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CALL WIND

UH = UGH

VH = UGH

HR=H1t5

CP = 7.XPH/{2.tBHATH)

CALL JACCH(HBsPHIRyTHETsPBsDEsTR)

DTZ = (TR - TH)/5000,
CooersVERTICAL MEAN WIND

WGH = ~CPRCUNEDTX/DXS + VHRDTY/DYS)/(G + CPEITZ + UHSDUHIVHEDVH)

C GO TO RANDON PERTURBATIONS SECTION
60 10 800
CoveooFOLLOWING IS THE MIXED JACCHIA-GROVES HEIGHT RANGE SECTION
C LONER HEIGHT INDEX
20 IHA = SK(INTIH) /D)

C UPPER HEIBHT INDEX
IHR = IHA + 5

€ LOWER HEIGHT FOR INTERPOLATIOM
HA = [HA%L,

c UPPER HEIGHT FOR INTERPOLATION
HR = IHBYL.

CoveesJACCHIA VALUES AT LOMER HEIGHTy CURRENT LAT-LON
CALL JACCH(HA+PHIRsTHET:PJAYDJASTJA)
PHIN = PHIR + 5. / FAC
THETE = THET - 5.
CuveooJACCHIA VALUES AT LOMER HEIGHT: CURREMT LAT-LON#S DEGREES
C LATy FOR DF/DY AND DT/DY
CALL JACCHCHA»PHINy THETsF N DIN TIN)
CovesrJACCHIA VALUES AT LOMER HEIGHT» CURRENT LAT-LON-5 DEGREES
¢ LON» FOR DP/DXs AND DT/DX
CALL JACCH(HAsPHIRs THETE P JESDJE/TIE)
L JACCHIA DP/DY AT LOWER HEIGHT
DPXJA=PJE-F A
C JACCHIA DF/DY AT LONER HEIGHT
DPYJA=PIN-F A
L JACCHIA DT/DX AT LONER HEIGHT
DTXJA = TJE - TJA
¢ JACCHIA DT/DY AT LONER HEIGKT
DTYJA = TN - TJA
Cooeo o JACCHIA VALUES AT UPFER HEIGHT» CURRENT LAT-LON
CALL JACCH(HBsPHIRs THETsFJRsDJB+TJR)
PHIN = PHIR + 5. / FAC
THETE=THETE-S
Cove s JACCHIA VALUES AT UPPER HEIGHT» CURRENT LAT/LOM#S DEGREES
€ LAT, FOR DP/DY AND DT/DY
CALL JACCH(HByPHIN: THETsPJNs DJN: TIN)
CovesoJACCHIA VALUES AT UPPER HEIGHTs CURRENT LAT-LON-5 DEGREES
Y LONy FOR DP/DX AND' DT/D¥
CALL JACCH(HBsPHIR» THETE/PJE+DJESTJE)
C JACCHIA DP/DX FOR GEOSTROPHIC WINDS
DPXJB = PJE - PJB
C JACCHIA DP/DY FOR GEOSTOPHIC WINDS
DPYJB = PJN - PJB
C JACCHIA DT/DX FOR THERNAL WIND SHEAR
DTXJB = TJE - TJB
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C JACCKIA DT/DY FOR THERMAL WIND SHEAR

DTYJB = TUN - TJB
Cov oo oGROVES AT LOWER HEIGHT, TO BE FAIRED WITH JACCHIA

CALL GTERP(IHR!PHI;PGA!DGA!TGA»PG!DﬁyTGrDPYGﬁ;DTYGA!DP?YGA)
CovvssGROVES AT UPPER HEIGHT, TO BE FAIRED NITH JRCCHIA

CALL ﬁTERP(IHB!PHI!PGB!UEB!TGB!PG!BG!TG!DPYBB!DTYEB!DPQYBB)
Cvvvo JFAIRED RESULTS AT LOWER HEIGHT

CALL FAIR(PGAY DGAs TGAsPJAIDJASTJAY THASP1#D15 T1, DPYGA,

$ DPXJAsDPYJAIDPYXA) DPYAy OTYGADTXJA(DTYJAs DTXAS DTYA}
CeevooFAIRED RESULTS AT UPPER HEIGHT

CALL FAIR(PGB!DSF!TGB!PJB!UJBVTJB;IHB!PQ!D?!T?! , DPYGB

$UPY.JBy DPYJBs DPXRy DPYRy [ITYGRs DTXJR/DTYJByDTXB,DTYR)
Crvoo JHEIGHT INTERPOLATION ON FAIRED PsD,T

CALL INTER2(P1sD1sT1sHAsP2,D2s 2rHBPH By THs H)
Coovo o HEIGHT INTERPOLATION ON FAIRED DR/DX+BP/DY

CALL INTERN(DPXAsDPYAsHA+DPXRsDPYByHBs IPX» IPY 1 H)
Covvs JHEIGHT INTERPOLATION ON FAIRED DT/DXsDT/DY

CALL INTERW(DTXAsDTYAsHAsDTXRsDTYBsHBsDTXsDTY sH)
Covvr JEASTMARD COMPONENT OF GEOSTROPHIC WIND

CALL WIND
c CHANGE OF VARIABLES FOR OUTPUT

PGH=PH

DOH=DH

TGH=TH

UH = UGH

VH = UGH

CP = 7.3PH/ (2, 3DHETH)

MZ = (12 - T1)/5000,
Ceov oo VERTICAL MEAN WIND
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WGH = -CPE(UHSDTX/DXS + UHEDTY/DYS)/(G + CPEDTZ + UNSDUN + UHEDVHISCIN 194

c 60 TO RANDOM PERTURBATIONS SECTION
GO T0 800

Cover THE FOLLOWING SECTION IS FOR GROVES OR NIXED GROVES 4D HEIGHTS

c UPPER HEIGHT INDEX

200 IHGB = SE(INT(H)/S) + S
IF {IHGB.GT.90) IHGB=90

C UPPER HEIGHT
HGR = IHGR#1,

Civv v GROVES AT UPPER HEIGHT
CALL GTERP(IHGB;PHI!PGB!UGB!TBB!PGIDG!TG!DPYGB!DTYGB!DPZYGB)

Covos s UPPER STATIOMARY PERTURBATION HEIGHT = 40
IF (H.,L7,40,0) 60 T0 210

Coevo JUPPER STATIONARY PERTURBATION HEIGHT
IF (H.GT.84,0) GO T0 220

Covr s JUPPER STATIONARY PERTURBATION HEIGHT
IHSB = S8K(CINT(H) + 4)/8) + 4

Covos o UPPER STATIONARY PERTURBATION KEIGHT = 52
IF {IHSR.LT.52.0) IHSE = 52
G0 TO 230

210 IHSB = LORCINT(H)/10) + 10

G0 TO 230

220 IHSB = 90

C UPFER STATIONARY PERTURBATION HEIGHT

230 HSB = IHSH#1,

70

i

52+80468+74,0R 84
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CeveooSTATIONARY PERTURBATIONS AT UPPER HEIGHT
CALL PDTUV(PSPsDSPyTSPyPHI» THET s IHSBsPSB s RSBy TSEs DPXSBs DPYSBs
$ DTXSByDTYSR:DP2XSRy BP2YSE,IPXYSR)

C HIXED GROVES 4D SECTION
If (H,LT.30,0) 6O TD 300
C LOWER HEIGHT INDEX
IHGA = IHGE - 5
C LOWER HEIGHT INDEX
HGA = THGAK1.

CvreooGROVES AT LOMER HEIGHT

CALL GTERP{INGAsPHIsPGAs[5As TEA+PGDGs TGy IF YGRS DTYGA DP2YGA)
CoversLONER STATIONARY PERTURBATION HEIGHT = 30

If (H.T.40,0) GO TO 240
Coveo LONER STATIONARY PERTURBATION HEIGHT = 52,60,68:74s OR 84

IHSA = BX((INT(H) + 4)/8) - 4
Covvo LOMER STATIONARY PERTURBATIONS HEIGHT = 40

IF (IHSA.LT,40.0) IHSA = 40

GO TO 230

240 IHS4 = 30
€ LOMER STATIONARY PERTURBATION HEIGHT
250 HSA = IHSALL.

CoveroSTATIONARY FERTURRATIONS AT LOWER HEIGHT

CALL PDTUV(PSP ISP TSP+ PHI+ THET+ IHSAsPSADSA: TSA1 DFXSAs DPY5AY

$ DTXSADTYSA, DP2XSArDF2YSAs DPXYSA)
Cvvvo GROVES VALUES HEIGHT INTERPOLATIONS

CALL INTER2{PGAsDGA» TGAs HGAs PBB 1 DGR TGB 2 HEB + PGH1 DGHy TGH2H)
Cuvvs STATIONARY FERTURBATION HEIGHT INTERFOLATION

CALL INTERZ(PSAsDSAsTSAsHSAsPSHsDSBs TSRsHSRYPSHy DSHs TSH/H)
¢ QUAST-RIENNIAL VALUES

[ALL GROGEN
Coves HEIGHT INTERPOLATION OF GROVES DP/DYy DT/DY» AND D2P/DY2

CALL INTERZ(DPYGAs[TYGAs [F2YGAsHGAs DPYGEs DTYGBsDP2YGBsHGEs DPYG)

$  DTYGyDF2YG/H)
CovovHEIGHT INTERPOLATION OF STATIOMARY FERTURRATION DP/DX AND DP/DY

CALL INTERW(DPXSAsDPYSAsHSAs DPXSBsDPYSE HSB [IPXS) DPYSeH)
Coves HEIGHT INTERPOLATION OF STATIONARY PERTURRATION DT/DX AND DT/DY

CALL INTERM(DTXSAsDTYSAsHSAsDTXSBsDTYSRsHSBDTXS:DTYS)H)
Covoy HEIGHT INTERPDLATION OF STATIOMARY PERTURRATION D2P/DX2/D2P/DY2y
C AND D2P/DXDY

CALL INTERZ(DP2XSAsDF2YSAsDPXYSAsHSA» DP2XSRs DF2YSBy DPXYSBsHSBy

$ DE2XSs DF2YS DPXYS 1 H)
Covor JUNPERTURBED (MONTHLY MEAN) VALUES FOR OUTPUT

TGH = TGH % (1. + TSH)

PGH = FGH ¥ (1. + FSH)

DEW = DGH ® (1, + DSH)
C TaTAL DT/DX

X = DTXS % TGH
C TOTAL DT/DY

BTY = TGHEDTYS + DTYG&(1. + TSH + [TYS)

C TOTAL DP/DX

DPX = DPXS & PGH
¢ TOTAL DP/DY

DPY = PGHEDPYS + DPYGK(1. + PSH + DPYS)
C D2F/DX2
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DPXX = PGHR(2,XDPXS - DP2XS)

DPYY = PGHE(2,8DPYS - DP2YS) + (2.XDPYG - DP2YB)X(1, +PSHHDPYS)

' - (DPYG - DP2YG)$DP2YS
C D2P/DXDY
DPXY = (PGH + DPYB)ROFXYS + DFYGEDPXS
Covvr JUNPERTURBED VALUES PLUS BBO PERTURBATIONS
FH = (1, + PQ) % PBH
DN = DGH & (1., + DQ)
TH= (1, +70) ¥ T6H
CALL WIND
¢ GEOSTROPHIC WIND PLUS @BO WIND PERTURBATIONS
UH=UGH+UB
UH=VGHVE
CP = 7,4PGH/ (2, XDGHRTGH)
DTZ = (TGB#{1,4TSB) - TGA%(1,4T5A))/5000,
Covss JVERTICAL MEAN WIND

WGH=-CPX(UGHEDTX/DXS+VGHEDTY/DYS) / (GHCPEDTZHIGHEDUHHVGHRDUN)

¢ GO TO RANDOK PERTURBATIONS SECTION

G0 10 80O
CoooosTHE FOLLONING IS THE NIXED GROVES 4D SECTION
CovvooGENERATE GRID OF 4D PROFILES IF PREVIOUS HEIGHT GE 30
300 IF (H1,GE.30,.0R.LOOK.EQ.1) CALL GENAD

THCK = 24

DO 310 KND = 1,3

IKND = THCK + KND

IF (IKND.GT.26)IKND=26

DO 310 IND = 1,4

DO 310 JND = 1,4

PCK(INDy JNDsKND) = PAD(4%¢IND-1)4INDy IKND)

DCK(INDy JNDsKND) = DAD(AS(IND-1)+JND) IKND)
J10  COMTINUE

CALL CHECK
CoosrsLAT-LON INTERPOLATION OF 4D DATA AT 25 KN

CALL INTERA( PHIsTHET»25»  PADeDADsTADsPAA+D4ALT4As

$ DPX4+DPY4sDTX4sDTY4sDPXXAs DPYYA/DPXYA)
c GROVES PLUS STATIONARY PERTURBATIONS
PB = PGBX(1. + PSB)
C Py 7
P8 = DGBR(1. + DSB)
T8 = TGB%(1. + TSB)
DPXB = P ?‘BPXSB
DPYR = PGBXDPYSB + DPYGBX(1. + PSB + DPYSB)
DPXXB = PGB&(2,3DFXSB - DP2XSB)
DPYYB = PGBR(2.8DPYSB - DP2YSB) 4 (2.XDPYGB - DP2YGR)%
$ (1. + PSB + DPYSB) - (DPYGR ~ DP2YGB)XDP2YSB
DPXYB = (PGR + DPYGB)¥DPXYSB + DPYGBXDPXSB
DTXB = TGBRDTXSB
DTYB = TGBROTYSB + DTYGB(i. + TSB + DTYSB)

Covoo HEIGHT INTERPOLATION BETWEEN 4D AT 25 AND GROVES AT UPPER HEIGHT

£ [iP/DX AND DP/DY
CALL INTERW(DPX4sDFY4s25,sDFXBs DPYRsHSE I DPXsDPYsH)

Cevso 'HEIGHT INTERPOLATION BETWEEN 4D AT 25 AMD GROVES AT UPPER HEIGHT

C PsDyT
CALL INTER2(P4AsDAArT4As25.yFR:DBy TBsHEB +PGHs DGHs TGHsH)
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Covve HEIGHT INTERPOLATION BETWEEN 4D AT 25 AND GROVES AT UPPER HEIGHT SCIM 327

C DT/DX AND DT/DY
CALL INTERW(DTX4,DTY4¢25,,BTXByDTYRYHSBBTX)BTY H)
Coses HEIGHT INTERPOLATION BETWEEN 4D AT 25 KM AND GROVES AT UPPER
C HEIGHT D2P/DX2s D2F/DY2y AND D2P/DXDY
CALL INTERZ!DPXXAsDPYYAsDPXYA)25, s DPXXByDFYYRs DFXYRHGB DPXXy
$ DRYY(DPXYeH)
IF (10PQ.ER.2) 6O TO 350
C @UASI RIENNIAL PERTURBATIONS
CALL QBOGEN
C ADD! DRO PERTURBATIONS TO FsDsT
350 PH=PGHX(1.4PE)
DH=DGH&(1,+[Q)
TH=TGHR (1. +70)
CALL WIND
C ADD OBG WIND PERTURBATIONS
UH=UcH+Ua
VH=VGH+VR
CP = 7.4FGH/ (2, XDGHETGH)
DTI = (TR - T4A)/(1000,%(HGB - 25.))
C.vve MERTICAL HEAN NIND
WGH=-CPE(UGHEDTX/DXSHVGHEDTY/DYS) / (GHCPSDTZHUGHSDUHHVGHEDVH)
C G0 TO RANDOM PERTURBATIONS SECTION
2000 FORMAT(" LATITUDE®/16F8.3)
2001 FORMAT(* LDNGITUDE®+/16FB8.3s/* PRESSURE")
2002 FORNAT(1%r12,16F8.0)
66 T0 860
500 IF (H.GE.0,0) GO TO 510
IF (HLT,-0,015) GO TO 503
C IF -1S HETER LEH LT O » HISSET TO O
H=0.
60 TO 516
C NO MORE COMPUTATIONS TO BE MADE IF HEIGHT LT -3
505 NMORE = 0
RETURN
Cvvv. GENERATE GRID OF 4D PROFILES IF PREVIOUS HEIGHT GE 30
510 IF (H1.GE.30..0R.LOOK.EQ.1) CALL GENAD
C LOVER HEIGHT INDEX
THA=INT(H)
C LONER HEIGHT INDEX
HA = THARL,
IWSX = IWSYH
[HCK=THA-1
DO 511 KND=1,3
IKND = IHCK + KND
IF (IKND,LT.1)IKND = 1
If (IKND.GT.26) IKND = 26
DO 511 IND=1,4
DO 511 UNB = 14
FCK(IND+NDyKND) =P4D (4X( IND-1)+JND» IEND)
DCK (IND » JND KND ) =DAD (4XC IND-1)+JND ¢+ IKND)
511 CONTINUE
CALL CHECK
C UPPER HEIGHT INDEX
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C

IHB = IHA + 1
IF(IHB.LE.25) GO TO 513
IHA=24
HA=24,
IHB=25
UPPER HEIGHT

313 HB = IHR#1,

Covoc LAT-LON INTERPOLATION OF 4D VALUES AT UPPER HEIGHT

P4DsD4Ds T4DsPB+DBs TBy

$ DPX4B+DPYAR: DTX4R, TYARs UFXXRy DPYYEs IPXYR)
IF(IHA.EQ.0,AND.FBEDBXTB.LE.Q, )60 TO 520

313 CALL INTERA(

GO 70 540
520 IHB=IHB+1

PHIsTHET» IHB,

Cove s’ LOOP TD FIND LOMEST VALID HEIGHT

HB=HB¢1,
60 TO 515
540 IF(IHA.GT.0)CALL INTER4(

IFCINSYM.EQ, "2 ) IWSX = INSYM

IFCIHAEQ, 0. OR. (PASDARTA,LE .0, AND, THA, LT, 10, AND, PEXDBYTB,GT,0,))

160 T0 §50
60 TO 400

PRI THET» IHA»
1PAsDA+TAsDPX4A+ DPY4A, DTX4A, DTYAAs DPXXA1 DPYYA s DPXYA)

P4DsD4D, 74D,

CosorsLAT-LON INTERPOLATION OF 4D VALUES AT LOMER HEIGHT
550 CALL INTER4! PHIYTHET 10y
+FAsDAsTA,DPX4A1 DF 144y TX4As DTY4As DPXXA+ DPYYAs DPXYA)

c

IFCINSYM.EQ.*8*) INSY = INSYN
IF(TA-TB)560+570,560
560 TZ=(TA-TB)/ALDG(TA/TB)
G0 10 575
570 TZ=ThA
+++COMPUTES HEIGHT OF SURFACE
575 HA=HB+0,287054TZ4ALOG(PB/PA) /G
IF(H.GT.HA-,04) 60 TO 600
PH=0,
DH=0,
TH=0,

60 T0 800

Covo o JHEIGHT INTERPOLATION OF FDyT

600 CALL INTERZ(PAsDAs TAsHAIPBy DBy TB1HB+PGH» DOH» TGHs H)

P4DsD4DyTAD,

Covoo cHEIGHT INTERPOLATION OF DP/DX AND DP/DY
CALL INTERW(DPX4AsDPYAAsHAs DPXAE) DPYAB+HB s DPX ) DPY o H)
Cove o JHEIGHT INTERPOLATION OF DT/DX AND DT/DY
CALL INTERW(DTX4AsTYAAsHAvOTX4By DTYABsHByDTX)DTY,H)

Covvo (HEIGHT INTERPOLATION OF D2P/DX2y D2P/DY2s AND D2P/DXDY

C

CALL INTERZ{DPXXA»DPYYAs DPXYAsHA» DPXXB1 DPYYBs DPXYBsHBs DPXX s DPYY,s

$DPXTsH)
CHANGE OF NOTATION FOR OUTPUT
PH = PGH
DH = DGH
TH = T6H
IF (PHEDHETH,LE.0,) GO TO 800
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CALL WIND
c CHAMGE OF NOTATION FOR OUTPUT
UH = UGH
UH = VGH
CP = 7,3PGH/ (2, XDEHXTGH)
DTZ = (1B - TA)/{1000,8(HB - HA))
C.voo VERTICAL MEAN WIND
WGH = -CPRCUGHEDTX/DXS + VGHEDTY/DYS) /7 (GHCPEDTZHUNEDUHEVHEDVR)
C aRO=0 IF H LT 10
IF (H.LT.10,) G2 TO 80O
IF (10P0.EQ.2) 60 TO 450
C COMPUTES QUASI RIENNIAL PERTURBATIONS
CALL OROGEN
c ADDS QRO PERTURBATIONS TO PsDs7
£50 PH=FGHE{1.+P@)
DH=DGHE( 1, +D@)
TH=TGHX(1.4T@)
C ADDS QRO WIND PERTURBATIONS TO UsV
UH=UGH+UA
UH=VGHYQ
CyyesoTHE FOLLONING IS THE RANDOM PERTURBATIONS SECTION
CoooeoND RANDON PERTURBATIONS IF IOPR 6T 1
800 COMTINUE
IF(H.6T.30) GO TO 512
IF CIPRT.NE. 0. OR. TUSYH, NE, *X*) 60 TO 512
WRITE (8520000 (GLAT(I)+1=1418)
NRITE(4,2001) (GLON(I)sI=118)
D0 504 I=1s26
IH=1-1
WRITE(692002) IHy (PAD(JrI)sJ=1116)
504 CONTINUE
IPRT=IPRT+1
512 CONTINUE
IF (IOPR.G6T.1) GO TQ 830
Covvss INTERPOLATES RAMDOM WIND WAGMITUDES TO HEIGHT H» LATITUDE PHI
CALL INTRUY(URsVRsHsPHISUHySVH)
CALL INTRUV(PLPsDLPsHsPHI+PLPHs BLPH)
CALL INTRUVCTLP¢DLP HsPHI» TLPH:DLPH)
CALL INTRUVCULPsYLPsHa PHI»ULPHsVLPH)
CALL INTRUV(UDL VDL s HsPHIUBL2,UDL2)
CALL INTRUVCUDS VI'SsHePHI UDS25VDS2)
SUML=SORT (ULPHIABS(SUH))
SIIHS=SART((1.~ULPH) XABS (SUH))
SUHL=SORT (VLPHEABS(SVUH))
SWHS=SORT ( (1, -VLPH) $ABS(SVH))
SUH = SORT(ABS(SUH))
SUH = SORT(ABS(SVH))
CvvveoJF H LE 25 USE 4D DATA RANDON PoDsT SIGNAS
IF (H,LE.25.) 6D TO 810
Cvvveo INTERPOLATE PRyDR+TR ARRAYS TO GET P+DsT SIGHAS AT HEIGHT Hy
C LATITUDE PHI
CALL RTERP(HsPHIsPRyDRyTRySPH:SDHySTH}
GO TO 820
Covov LAT-LON INTERPOLATION ON PiDsT SIGMAS AT LOMER HEIGHT
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SCIK 435
SCIN 436
SCIN 437
SCIN 438
SCIN 439
SCIN 440
SCIN 441
SCIN 442
SCIN 443
SCIN 444
SCIM 445
SCIN 444
SCIN 447
SCIN 448
SCIN 449
SCIN 450
SCIN 451
SCIN 452
SCIN 453
SCIN 454
SCIK 455
SCIN 456
SCIN 457
SCIK 458
SCIN 459
SCIN 460
SCIN 441
SCIN 462
SCIN 463
SCIN 464
SCIN 445
SCIM 466
SCIN 467
SCIN 468
SCIN 469
SCIN 470
SCIX 471
SCIN 472
SCIN 473
S5CIN 474
SCIN 475
SCIN 476
SCIn 477
SCIN 478
SCIN 479
SCIN 480
SCIN 481
SCIN 482
SCIN 483
SCIN 484
SCIN 485
SCIN 4854
SCIN 487
SCIN 488



810 CALL INTER4( PHIsTHET:IHAs  5P4)SD4+ST4+PAIDAYTAY
$ DPX+DPYsDTXsDTY s DPXXs DPYY, DPXY)
CovoosLAT-LON INTERPOLATION ON PoDsT SIGMSA AT UPPER HEIGHT
CALL INTER4( PHIsTHET)INBs  SP4+SD4+ST4+PB)DBITB)
$ DPX+DPY»DTXDTYsDPXXs DPYY DRXY)
Coeoo o HEIGHT INTERPOLATION OF SIGMAS
CALL INTERZ(PArDAsTAy  HAsPBiDBsTBs  HBySPHySDH)STHsH)
IF(PH8DHSTH.LE.O.) GO TO 825
Cevvo sHEIGHT DISPLACEMENT BETWEEN PREVIOUS AND CURRENT POSITION
820 DZ = Kt - H
SPHL=SORT (PLPHBABS (SPH) )
=SORT({1.-PLPH)XABS(SPH))
SDHL=SORT ( DLPHXABS (5DH) )
SDHS=SBRT ( (1 .-DLPH)$ARS(SDH) )
STHL=SORT (TLPHS$ABS(STH) )
STHS=SORT((1,~TLPH)SABS(STH))
5PH = S@RT(ABS(SPH))
SDH = SGRT(ABS(SDH))
STH = SART(ABS(STH))

CoesrCONPUTES HORIZONTAL DIXFLACEMENT DX BETWEEN PREVIOUS AND CURRENT

c POSITION» HORIZONTAL SCALE HLs AND VERTICAL SCALE VL
Covy \COMPUTES PERTURBATION VALUES PRH+DRH» TRHyURH AND VR
CALL PERTRB

L ADDS RANDON PERTURBATIONS TO PHeDHsTH
PH = PHE(1. + PRH)
DH = DHE(1. + DRH)
TH = THE(1. + TRH)
¢ ADDS RANDOM WINDS TO UHsYH
Ub=UR+URH
=UH$VRH
CovvosSETS PREVIOUS RANDOM PERTURBATION IN PyDeT TO CURRENT
c PERTURBATIONS, FOR NEXT CYCLE
825 RP1S= PRHS
RD15= DRHS
RT15= TRHS
RP1L=PRHL
RD1L=DRH{L
RTIL=TRHL
CovvrsSETS PREVIOUS NAGNITUDES FO CURRENT VALUES) FOR MEXT CYCLE
SP15=5PHS
5D15= SDHS
ST15=5THS
SPIL=CPHL
SD1L=SDHL
STIL=STHL
Cves SETS PREVIOUS WIND PERTURBATION VALUES TO CURRENT VALUES,
c FOR NEXT CYCLE
RU15=URHS
RVIS=VRHS
RULL=URHL
RVIL=VRHL
Cvvee SETS PREVIOUS WIND PERTURBATION MAGNITUDES TO CURRENT VALUES,
C FOR NEXT CYCLE
SU15=5UHS
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SCIN 489
SCIX 490
SCIN 491
SCIN 492
SCIN 493
SCIN 494
SCIN 495
SCIN 494
SCIN 497
SCIN 498
SCIN 499
SCI% 500
SCIK 501
SCIK 502
SCIN 503
SCIN 504
SCIN 505
SCIN 506
SCIN 507
SCIN 508
SCIN 509
SCIN 510
SCIN 511
SCIn 512
SCIn 513
SCIM 514
SCIN 5135
5CIN 516
SCIN 517
5CIi 518
SCIN 519
SCIN 520
SCIN 521
SCIn 522
SCIN 523
SCIN 524
SCIN 525
SCIN 526
SCln 527
SCIN 528
SCIN 529
SCIK 530
SCIK 531
5CIN 532
SCIN 333
SCIN 534
SCIN 535
SCIN 538
SCIN 537
SCIN 338
SCIN 53¢
SCIN 540
SCIx 54t
SCIN 542



SV15=SVHS
SUIL=SUML
SVIL=SVHL
C.y»+.SETS PREVIOUS HEIGHT TO CURRENT HEIGHTs FOR NEXT CYCLE
B30 H1 = N
Cuveo SETS PREVIOUS LATITUDE TO CURRENT LATITUDEs FOR NEXT CYCLE
PHI1R=FHIR
CvvesoSETS PREVIOUS LONGITUDE TO CURRENT LONGITUDEs FOR NEXT CYCLE
THETIR=THETR
C SETS NMORE TO COMPUTE MORE DATA ON NEXT CYCLE
NMORE = 1
CuveooNO NORE DATA IF Fy Dy OR T LEQ O
IF(PHADHSTH.LE,0.) RETURN
CALL STDATM(HsTSsPS¢DS)
IF ((PS¥DS2TS),67.0,) GO TO 870
PGHP=0,
DEHP=0,
TGHP=0,
PHF=0.
DHP=0.,
THF=0,
G0 70 880
870 PGHP=100.%(PGH-PS)/PS
DGHP=100, k¢ DEH-DS) /1§
TGHP=100. 8(TGH-T5) /TS
PHP=100, ¥(PH-PS)/PS
DHF=100, X(DH-DS)/DS
THP=100 . X(TK-TS) /TS
C CONVERTS @BO FsDsT TO PERCENT
880 PO=100,1P0
00=100.30Q
1@=100.870
c CORVERTS RANDOM PsDsT TO PERCENT
PRH=100. XPRH
DRH=100, 3DRH
TRH=100. 4TRH
PRHS5=100 . APRHS
DRHS=100. XDRHS
TRHS=100, $TRHS
PRHL=100. XPRHL
DRHL=100, $DRHL
TRHL=100, §TRHL
SPHS = 100,XSPHS
SOHS = 100.¥SDHS
STHS = 100.%5THS
SPHL = 100,3SPHL
SIHL = 100.85DHL
STHL = 100, $5THL
€ CONVERTS WIND SHEAR TO M/S/KM
DUH = BUH ¥ 1000,
DVH = WM & 1000,
C CONVERTS VERTICAL WIND TO CM/S
NGH = WGHX100,
POA-POAS100.
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5CIn 543
SCIN 544
SCIN 545
SCIK 546
SCIN 547
SCIN 548
SCIN 549
SCIH 550
SCIN 351
SCIN 552
SCIN 353
SCIN 554
5CIN 535
SCIN 356
SCIN 557
SCIN 558
SCIN 559
SCIN 560
SCIN 561
SCIN 562
SCIN 563
SCIN 564
SCIN 565
SCIN 56
SCIN 567
SCIn 568
SCIM 569
SCIN 570
SCIN 571
SCIN 572
SCIN 573
SCIN 574
SCIM 575
SCIN 576
SCIs 577
SCIN 578
SCIN 579
SCIN 580
5CIN 581
SCIN 582
SCIN 583
SCIN 584
SCIN 585
SCIN 586
SCIN 587
SCIM 588
SCIN 589
SCIK 390
SCIN 591
SCIN 592
SCIN 593
SCIN 594
SCIN 595
SCIN 596



Lar B wr B wv 2N o]

DOA=DOAT100,
TRA=T(AX100,
SPH=SPHX100,
SDH=5DH%100,
STH=STHX100,
PSH=PSHX100.
BSH=DSH¥100,
TSH=TSHx100,
IF(NPOP.NE.O) GO TO 920
UPRE=UGH
VPRE=VGH
DBUPRE=DUH/1000,
DVPRE=[UH/ 1000,
RETURN

920 IF (IOPP,NE.O)

SCIN 597
SCIN 398
SCIN 599
SCIK 600
SCIN 401
SCIK 602
SCIN 403
SCIN 604
SCIN 403
SCIM 606
SCIN 607
SCIN 408
SCIN 409
SCIN 610
SCIN &1t

¥ MRITE(IOPPy951) HyPHIsTHET ) FGHP s DEHPs TGHy UBH)» VG SPH1SDHy STH, SCIM 812
1SUHs SUH»PGHy DGHy FLDAT (IET) s FLOAT (NN)  TGHP SCIM 613
951 FORMAT(F5.117F7,295F6,212610,3+F5,00F3.0¢F7,2) SCIN 814
WRITE(8:900) HePHI s THET +PGHy DGHy TGH» UGH s TWS YN VGHrPHs DH TH1 UH» SCIN 415

¥ TUSYH WM DUH,

SCIN 616

$ DVH;HGH!IET!PGHP!DEHP!TGHP!PHP’BHP!THP!PSH!DSH:TSH!PO!DQ!TOrUﬂr SCIM 617
$ V8:POAYDRATOAs UA» VA1 PRHS DRHS s TRHS s URNS s URHS  SPHS 1 SDHS + STHSy  SCIN 418
15UHS» SVHS s PRHL » DRHL » TRHL » URHL » YRHL » SPHL » SDHL y STHL » SUHL » SUHL SCIK 419

2PRHs DRH» TRH» URHs URH SPH s SDH ¢+ STHs SUH» SUN SCIN 620
900 FORMAT(1XsF6, 20272920269, 39 2F8,09A19F5,0) 9 2F5, 19 23XsF b0 2/1Xs SCIM 421
$ I0s14Xs2¢2( FB.11°2")eF8.19° 2%y 11X) 110Xy SCIN 622
$3F5.1510Xs* SP*1/102Xr IFS5, 15 2F5,04° QBO*/102Xs3FS 411 2F5,0, " HAG*/1SCIN 423
$02Xs 3F5.102F5.00° RANS®»/102Xs3F5,1+2F5.04" SIGS*,/ SCIN 424
2102X33F5. 15 2F5.00* RANL®y/ SCIK 425
S102Xs FS.192F5,0+* SIBL*s/ SCIN 426
4102X1 3F5, 19 2F5.00* RANT®y/ SCIN 427
S102Xs3FS:192F5.04* SIET*+/) SCIX 428
RETURN SCIM 629
END SCIN 630
SUBROUTINE SELECH SELE 1
INTEGER IOTEM2 SELE 2
COMNON/CA/XL(16)sYL(16) /NP SELE 3
SELE 4

S SELE 5
SUBROUTINE TO SELECT FOINTS FOR INTERPOLATION SELE 6
SELE 7

COMMON /IOTENP/ I0TEM1» IOTEN? SELE 8
COMMON /FOINT/ IPT(1695)eLL(1&)DXY(1412) SELE ¢
CONMON /ORDER/ IPTN(1495)sIREAD(65:3) SELE 10
SELE 11

DIMENSION IC(4) s IL(2) y JLC2) LIML(51) /LINU(SE) SELE 12
SELE 13

DATA LIHL/15!14’13!12;11’10!918;716!5!41312123‘112131475!67713i9rSELE 14
110:119124135 1415/ SELE 15
DATA LIHU/33134135!36!37!38139!40741v42;43144745!46!23!477461451 SELE 16
144543942941140,39538+374 3613534, 33/ SELE 17
DATA P1/3.14159/ SELE 18
SELE 19

SELE 20
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[ar]

<3

[ar B ov I o]

INITIALIZE

P14=P1/4.
DEGRAD=PI/180.
b1 I=1,16
D0 1 J=1s5
IPT{L, 1)=0

——

MAJOR LOOP FOR POINTS

DO 100 I1=1,NP

LA=ABS(XL(IT))%10, 4.5
LO=YLUID)X10. 4.3
LLCITY=LAR100004L0

IF (XL(IDLLT.00) LL(ID=-LL{ID)

IF (XL(ID)-15.1) 15930530
15 IF (XL(II)) 50+40+40

NMC GRID
30 IPT{II,S)=2

EL=(350-YL(II))XDEGRAD
PHI=XL(IT)RDEGRAD

R=31,204359052¢(SIN(PI4-FHNI/2.)/COS(PI4-PHI/2.))

XX=RECOS(EL) 24,

YY=RASINCEL) 426,

I=XX

FYY

DX=XX-1

DY=Y7-J

DXY(11s1)=DX

DXY(I1,2)=DY

IF (XL(F1),6T.17.18) 6O T0 31

IF ((J,LT,1),0R.(J.6T.51)) 60 TD 70

IF ((I.LT.LINLCJ)).OR.CTL6T.LIMUCSY)) GO TO 70
31 IC(1)=1%10004J

IF ((ABS(DX).6T,.1).,0R, (ABS(DY),6T..1)) BO TO 32

IP=1
60 70 35
32 CONTIMUE
IF (XL(ID).6T.17.18) GO TO 34

IF (((I.GT.(LIMU(D)-1)) JAND. (CJJGE+15) AND. (J.LE.370))

1 OR.(J.6T.50)) GO TO 70

IF ((I41,GT.LINUCJ41) },OR. (T.LT.LINLCIH))) 60 TO 80

IF ((1.EQ.LINU(J)),OR, (I.EQ.LINL(J})) GO TO 80
34 IP=4
. 1C(2)=(1+1)31000¢J
1C(3)=1%1000+J41
IC(4)=(1+1)110004 41
35 CONTIMUE
REWIND IOTEM2
B0 38 IPG=1,1977
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SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE
SELE

21
2
23
24

26
27

29
30
3
2
33
H
35
3
7
18
9
40
4
42
43
4
15
4%
47
8
9

51
52
33
94
35
3%
57
58
59
60
61
42
63
64
85
66
67
68
89
70
N
72
73
74



c
C

¢

C
c
¥

READ(IOTEN2) 1J SELE 75
DO 38 K=1,1IP SELE 76

38 IF(IC(K.EQ.IJ) IPT(IIsK)=IPG SELE 77
&0 T0 100 SELE 78
SELE 79

EQUATORIAL BRID SELE 80

SELE 81

40 IPT(I1,5)=1 SELE 82
L1=XL(II) SELE 83
L2=YL{IT) SELE 84
IL(1)=L1/5 SELE 85
IL(2)=IL(1)H SELE 86
JL(1)=(L2/5) 1 SELE 87
A(2)=A(1)-1 SELE 88
DO 45 K1=1,2 SELE 8%
DO 45 K2=1,2 SELE 90
IF ((ABS(XL(II)-IL(K1)X5),6T,0.1) DR, (ABSCYL(II)-JL(K2)85),6T.0.1)SELE 91
1)60TD 45 SELE 92
IF (JL(K2).EQ,72) JLIK2)=0 SELE 93
IPTUIL D)=JL(K2) 344 IL (K1) $1 SELE 94
G0 T0 100 SELE 95
45 CONTINUE SELE 96
IF (JL(1).ER.72) JLi1)=0 SELE 97
IPT{II 1)=JL (1 )8441L¢1) 41 SELE 98
IPT(II2)=JL(2)344IL (1) +1 SELE 99
IPTCII3)=dL (1)R441L(2)41 SELE 100
IPT(II 4)=UL(2)344 IL(2)H SELE 101
50 T0 100 SELE 102
SELE 103

SOUTHERN HEMISPHERE SELE 104

SELE 105

0 IPT{II+5)=3 SELE 106
Li=xt (1D SELE 107
L2=YL(IT) SELE 108
IF (ABS(XL(II)).LT.85.0) 6O T0 51 SELE 109
IPT(IIs1)=1 SELE 110
IF (ABS(XL(II)490,),LT.0.11) 60 TO 100 SELE 111

51 CONTINUE SELE 112
IL(1)=(L1/5)-1 SELE 113
JL()=(L2/5) 41 SELE 114
IL)=IL(#H SELE 115
JL(2)=di(1)-1 SELE 116
B0 52 Ki=1,2 SELE 117
DO 52 K2=1,2 SELE 118
IF ((ABS(XL(II)-IL(K1)85)46T.0.1),0R, (ABSCYL(IT)-JL(K2)¥5),67.0.1)SELE 119

1 )60 70Ss2 SELE 120
IF (AL(K2).EB.72) JH(K2)=0 SELE 121
IPTCIE1)=JL(K2)817-1L(K1) 41 SELE 122

IF (IL(K).HE.0) GO TD 100 SELE 123
IPT(IIs1)=JL(K2) 3441 SELE 124
IPT(IIs5)=1 SELE 125
60 TO 100 SELE 126
32 CONTINUE SELE 127
IF (JL(1).ER.72) JL(1)=0 SELE 128
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L B /B8

If (IPT(II+1).EB.1) GO TO 54
IPTUII =L (1)817-1L(1) +1
IPT(11,2)=JL{2)%17-IL{1)#L
IF (IL(2)) 53+53,33

53 IPT{II,3)=JL{1)844]
IPT(II+4)=JL12)2441
IPT{II+5)=1133
G0 T0 100

54 IPT(11,2)=JL(1)817-1L(DH
IPTIIT 3)=JL(2)R17-IL ()41
IPT{II,5)=333
60 70 100

55 CONTINUE
IPT(IL ) =dL(1)17-IL(2) 41
IPT(IN4)=0L(2)317-IL12)41
60 70 100

BODERLINE POINTS

70 COMTINUE
TWO NMC» TWO EGUATORIAL
IPT{II,5)=2211
L=YLUID
IPT(IL 1)=0{L/S)42) 84
IFTUIL2)=IPT(IIe1)-4
IF (L.GE.355) IPT(IIs1)=4

IF (JLT.1) KL
IF (J\GT.51) J=51
IF (I.LT.LIMLCD)) I=LINLCD)
IF (I.GT.LIKU(D) I=LINUCD
1C(1)=1%10004J
IF ((5LT.15),0R:(J.6T,37)) GO TO 72
IC(2)=1x1000+J+1
60 70 76

72 IF ((JJNE.1).AND. (J.NE,51)) GO TO 74
IF (1.EB.LINUCJ)) 6D TO 73
IC€2)=(141)£1000+J
60 10 74

73 1C¢2=(1-1)410004J
60 T0 76

74 IF (1.EQ,LINLCJ)) GO TO 75
IC(2)=LINU¢ J41) 810004 J4+1
60 T0 76

75 1€(2)=LIML(H1I¥1000+J41

74 REVIND IOTEM2
D0 77 IPG=1,1977
READ(IDTEM2) 1J
DD 77 K=1s2
77 IFUICK) JE8, 1) IPT(I1+K$2)=IPG
G0 70 100

80 CONTINUE
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SELE 129
SELE 130
SELE 131
SELE 132
SELE 133
SELE 134
SELE 135
SELE 136
SELE 137
SELE 138
SELE 139
SELE 140
SELE 141
SELE 142
SELE 143
SELE 144
SELE 145
SELE 146
SELE 147
SELE 148
SELE 149
SELE 150
SELE 151
SELE 152
SELE 153
SELE 154
SELE 155
SELE 156
SELE 157
SELE 1358
SELE 159
SELE 160
SELE 141
SELE 162
SELE 163
SELE 144
SELE 163
SELE 146
SELE 167
SELE 148
SELE 149
SELE 170
SELE 171
SELE 172
SELE 173
SELE 174
SELE 175
SELE 176
SELE 177
SELE 178
SELE 179
SELE 180
SELE 181
SELE 182



C

L

THREE NWC: ONE EBUATORIAL SELE 183
IPT(11+5)=2212 SELE 184
IC(2) = ¢ SELE 185
L=YL<ID) SELE 184
IPTIL2)=C{L/5)41 )84 SELE 187

IF (L.GE,355) IPT(II+2)=4 SELE 188

IF (1.EQ.LINL(J)) 6O TO 84 SELE 189

IF (J.6T.37) GO TO 82 SELE 190
IC¢1)=1%10004J SELE 191
IC¢3)=1%10004 J41 SELE 192
IC(4)=(141) 410004 J41 SELE 193

GO TO 88 SELE 194

B2 IC<1)=(1+1)81000+J SELE 199
IC(3)=1¥1000+J SELE 196
ICCA)=11000+.41 SELE 197

GO YD 88 SELE 198

B4 IF (J,6T,37) GO TO 84 SELE 199
IC(1)=(I-1)%10004J+1 SELE 200
IC{3)=1810004J41 SELE 201
ICC4)=1%10004J SELE 202

GO T0 88 SELE 203

86 IC(1)=(141)31000+J41 SELE 204
IC(3)=(1+1)81000+J SELE 205
ICCA)=Tk1000+J SELE 206
SELE 207

88 REWIND IOTEM2 SELE 208
DO 89 IPG=1,1977 SELE 209
READUIOTEM2) 1J SELE 210
0 89 K=1+4 SELE 211
IFCIC(K}.EQ.0) GO TO 89 SELE 212
IFCIC(K) JER. LY IPT(IISK)=IPG SELE 213

89 CONTINUE SELE 214
SELE 215

100 CONTINUE SELE 216
IO 150 I=1.14 SELE 217
D0 150 =145 SELE 218
150 IPTHLLs D)=IFT(I, ) SELE 219
CALL SORT4(NP) SELE 220
RETURN SELE 221
END SELE 222
SUBROUTINE SETUP SETU i
COMMON/COTRAN/NDATAC19) 1 ICo N1+ IH IX(10) s IEX SETU 2
DINENSION IPi2)sI1D{S) IT(5)/IDAY(12)sRUFFER(64) SETU 3
CONMON/TOTEMP/IDTEX1 s IOTEN2y UG+ NMCOP » DD y XMJDs PHI 1, PHI 5 SETU 4
+«NSANE rRPILSRDILRTIL s SPILSOIL,STIL )RUIL »RVIL s SUSL ySVIL SETU S

$ MN» IDDs IYRs His PHIIR)THETAIRDURMS(21)RP1S:RD1S SETU &
1yRT1S,RULSsRVISsSP1Ss 5015 s5T1S,SU1S+SVIS UNST,UDST SETU 7
2UDL1VDL1+UDS2,VDS2,UDL2,VDL2 SETU 8
COMMON/POTCOM/TU4 4 HONTHy TOFRs FE (18119)sTG(18+19) 1 DG(18419) SEtu 9

v 1PSP(8110+12) SETU 10

15D5P(8110112) s TSP(B110+12) sFAR(17+5) s DAB(17+5) 1 TAG(1755)sPDA(17,5)SETU 11
2 1DDQCY7+5) pTHA(1795) sPRI20510) »DRC20+10) s TR(20510) sUAR(1755) SETH 12
3 +VAQC17y5)stiDA(1755)1VUDB(17,5)sUR(25¢10) sUR(25910) SETU 13
¥ PQyDQs TQ,UQ» YA+ PRAY DBAS SETU 14

D-57



. TBAUAYVAS TOPGYPLP(25:10) s DLP(25110) s TLP(25+10)

SETU

1oULF(25¢10) sULP{25¢10) sUDL (25,10 sUBL (25,30 UBS(25510) SETU
2/UD5(25,10) SETU
COMAON/CHIC/DUN(18) » INSYMs UCOEF (149 s UCOEF (1459) SETY
DIMENSION IDUN(9) SETY

BATA IDAY/0s31,59¢905120,15111815 21212434273 304,334/ SETU

XKJD = 0, SETU

IF (HN.GT.12) GO TO 2 SETU

DA = [DAY(HN) + IDD SETY

0h = IDA SETU

IF (MOD(IYRs4).EQ.C,ANDLKN.GT,2) 10A = IDA + 1 SETU

YNJD = 2439856, + 365, & (IYR - 48.) + IDA + INTCCIYR - 654) SETU

$ /40 SETU
CrvvooSECOND DATA CARD READS, FREE FIELDr THE FOLLOWING DATAS SETU
C IUG = UNIT MUMBER FOR GROVES DATA TAPE SETU
C TUR = UNIT NUMEER FOR RANDON SIGHA DATA SETU
c (IF TUR=IUG UNIT IUG WILL BE READ) SETU
c IUQ = UNIT NUMBER FOR BBO DATA SETY
C (IF 1U=IUG DATA ON TAPE ON UNIT IUG WILL BE READ)  SETU
C IU4 = UNIT FOR 4-0 INPUT FsDsT 0-23KN DATA SETU
C 10FR = RANDOM OUTPUT OPTION SETY
Cevess JOPR=1 RANDDN OUTPUT [0PR=2 NO RANROM OUTPUT SETU
c 10P@ = QBO OUTPUT OPTION SETU
Cvosoo10PO=1 GBO OUTPUT 10PG=2 NO QRO OUTPUT SETU
C MR1 = STARTING RANDOM NUMBER SETU
€ NKCOP = NMC GRID DATA READ OPTION SETU
Cvves NHCOP=0 READS NWC GRID DATA FROM UNIT IUS» OTHERWISE READS FORM SETU
C CARDS SETU
Cvvvr. JOTENISUNIT FOR 4-D Py Dy T DATA (SCRATCH FILE, DOES NOT NEED TO SETU
) BE ASSIGNED) SETU
Cove o JOTEM2=UNIT FOR NMC GRID POINTS (SCRATCH FILE» DOES NOT NEED TO  SETU
L BE ASSIGNED) SETU
2 READ(5:10) IUGsIURyIUQsIUAyIOPRs IOPQsNKL/NNCOP,1OTEN], I0TEN2 SETU
10 FORMAT{ ) SETU
WRITE(6,9000) IUGs TURyIUQs IUAs IOPR+ IOPQsNR1: NMCOFy IOTEN1» IOTEN2 SETY

$ 5 XMJD SETU

IF (IOPR.LT.1,0R.I0PR.6T.2) 60 TO 666 SETU

IF (I0PQ.LT.1.0R.I0PQ.GT.2) GO TO 668 SETU
MONTH=HN SETU

IF (I0PR.EB.2) 60 TO 7 SETU
R=RAND(NR1) SETU

R = RAND(0) SETU

R = RAND(O) SETU

C..v. THIRD DATA CARD READS FREE FIELDs THE FOLLOWING DATAZ SETU
C RP1 = INITIAL RANDON PRESSURE PERTURBAIIOMS, PERCENT SETU
€ RB1 = INITIAL RANDOM DENSITY PERTURBATIONs PERCENT SETU
C KT1 = INITIAL RANDON TENPERATURE PERTURBATION, PERCENT SETY
C SD1 = INITIAL STANDARD DEVIATION FOR RANDOM DENSITY SETU
€ PERTURBATION: PERCENT SETU
C kU1 = INITIAL EASTWARD WIND PERTURBATION: M/S SETU
€ RU1 = INITIAL NORTHWARD WIND PERTURBATION: H/S SETU
C SUL = INITIAL STANDARD DEVIATION FOR RANDOM EASTWARD WINDs M/S SETU
£ GU1L = INITIAL STANDARD BCVIATION FOR RANDOM NORTHNARD WINDs M/SSETU

FEAD(S+10) RPILyRP1SsRDILsRDISIRTLLsRTES,RUILIRULSIRVILRVLS
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SETY

15
16
17
18
19
20
21
22
23
24
25
26
27

ol
£

”
£

30
3
2
1
]
35
3
Ry
18
W
10
M
2
3
M
45
2%
47
4
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
86
67
68



RPI=RPIL4RP1S
RD1=RD1SHRDIL
RT1=RTISHRTIL
RUI=RUSL+RU1S
RVI=RUIL1RV1S
C AVDIDS TAPE SEARCH IF CURRENT MONTH IS SAME AS PREVIOUS MONTH
IF (NSANE.GT.0) 60 TO 421
7 IF (NSAHE.EQ.1) GO TO 4621
CALL GETMMC
CevrosLOADS MMC GKID DATA FROM INPUT UNIT TO SCRATCHFILE UNIT IOTENM2
IF (NONTH.LT.13) 60 TO 12
N1=13
K2=13
Csvre MONTH=13 IS ANNUAL AVERABE CASE
G0 TD 13
12 M1=MONTH
M2=HONTH + 6
Cevos sSOUTHERN HENISPHERE DATA IS & NONTHS DISPLACED FOR GROVES,
C STATIONARY PERTURBATIONS AND RANDOM PERTURBATIONS
IF (M2.6GT.12) W2=¥2 - 12
13 [0 100 I=1,234
CALL RTRANI
CevrssREADS GROVES PRESSURE DATA
IF (IC.ME.*P*) GO TD 446
IF (MI.EQ.N1) GO TO 30
IF (NI.EQ.M2) GO TO 40
60 TO 100
30 KS=1
60 T0 50
40 K5=-1
50 IH=(IN-20}/5
TENX=10, X3 IEX
D0 50 J=1,10
K=104K5%(J-1)
60 PGLINIK) = IXCJIRTENX
CovsssCONVERSION TO REAL AND STORAGE IN ARRAY COMPLETE
100 CONTINUE
DO 200 I-1,234
CALL RTRAN1
C+evsoREADS GROVES DENSITY DATA
IFCIC.NE."D*®) 60 TO 646
IF (K1.EQ.N1) 6O TO 130
IF (KI.EQ.i2) 60 TO 140
60 10 200
130 XS=1
60 T0 150
140 KS=-1
130 IH=(IH-201/5
TENX=10, $2IEX
bo 160 J=1,10
K=10+KSk(J-1)
160 DE{IHsK) = IX(JIRTENX
CovvrsCONVERSION TO REAL AND STORAGE IN ARRAY CONPLETE
200 CONTINUE
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C

D0 300 I=1,234 SETU 123
CALL RTRANI SETU 124
Cover REARS GROVES TEMFERATURE [ATA SETU 125
IF (IC.NE.'T*) GO TO 466 SETU 126

IF (MI.EG.N1) GO TO 230 SETU 127

IF (MI.EB.K2) GO TO 240 SETU 128

60 10 300 SETU 129

230 K5=1 SETU 130
60 TO 250 SETU 131
240 K5=-1 SETU 132
250 IH={IN-20)/3 SETU 133
TENX=10. XXIEX SETU 134

00 260 J=1+10 SETU 135
K=104#Sk(J-1) SETU 136

260 TG(IHeK) = IX(JIXTENX SETU 137
Crvoe ONVERSION TO REAL AND STORAGE IN ARRAY COMPLETE SETU 138
300 CONTIMNUE SETU 139
IF (NONTH.LT.13) 60 TO 308 SETU 140
CoooosANNUAL MEAN CASE - BOTH HEMISPHERES EAUAL SETU 14t
DO 304 I=1,18 SETU 142

00 304 1,9 SETU 143
J20=20- SETU 144
PG(1¢J)=PG(1+J20) SETU 145
BG(I+J)=D6(1+J20) SETU 146
TE(IyJ)=TG(I+.J20) SETU 147

304 CONTINUE SETU 148
308 DO 3460 I=1,1248 SETU 149
CALL RTRAN SETU 150
C.vvoREADS STATIONARY PERTURBATIONS DATA (TO BE STORED IN PSP» DSPy ANDSETU 151
TSP ARKAYS) SETU 152
IC=NDATA(T) SETU 153
MI=NDATA(2) SETU 154
IH=KDATA(J] SETU 155
LON=NDATA(4) SETU 156

D0 311 K=143 SETU 157
IP(K)=NDATA(44K) SETU 158
IB(K)=NDATA(F4K) SETU 139

1 IT(K)=NDATA(144K) SETU 160
IF (IC.ME."5*) GO TO 446 SETU 161

If (HI.EQ.¥1) GO TO 320 SETU 162

IF (WI.EG.M2) 60 TO 330 SETU 143

60 TO 360 SETU 164

320 KS=1 SETU 165
60 TO 340 SETU 166

330 KS=-1 SETU 167
140 ISH=24(IH-44)/8 SETU 168
L=(LOM 201 /30 SETU 169
IFCIN.LT.S2) ISH = (IH-20)/10 SETU 170

IF (JH.BT.84) ISH=8 SETU 11

o 350 J=13 SETU 172
K=54KS¥(H(KS-1)/2) SETU 173
PSP(ISHsKsL) = IP(J)/1000, SETY 174
DSPCISHsKsL} = ID(J)/1000, SETU 175

350 TSPCISHIK.L) = IT(J)/1000, SETU 176
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Covv s -CONVERSION TO REAL AND STORAGE IN ARRAYS CONPLETE SETU 177

360 CONTINUE SETU 178
IF (MONTH.LT,13) GO TO 348 SETY 179

Covoo ANNUAL MEAN CASE - ROTH HENISFHERES EBUAL SETU 180
DO 364 I=1.8 SETU 181

DO 344 k=112 SETU 182

DO 344 J=1,5 SETL 183
J10=11-4 SETU 184
PSP{IsJsKY=PSP(11J10.K) SETU 185
DSP{IsdeK)=DSP Iy J10sK) SETU 186
TSP(Is iK)=TSP{ I J10sK) SETU 187

344 CONTINUE SETU 188

C MOVES PAST 2MD EOF OM UNIT IUG SETU 189
368 READCIUG»9999,END=349) TDANSKY SETU 190
7999  FORMAT (A1) SETY 191
60 10 348 SETU 192

369 CONTINUE SETY 193
IFCIOPR.ER,2) 60 TO 440 SETU 194

Cveer TOPR=1 READS RANDON SIGMAS, I0PR=2 ZEROS RANDON SIGMAS SETU 195
DO 430 I=1,240 SETU 196

IF (IUR.EQ,IUG) GO TO 375 SETU 197

READ (IURy380) ICsNIsIH/IPyIDyIT SETU 198
CovvssUSES FORTRAN READ ON UNIT IUR IF IUR NEQ UG SETU 199
330 FORMAT (1XsA1v12+1453¢1Xs514)) SETU 200
G0 70 385 SETU 201

375 CALL RTRAN SETU 202
Covos oREADS FRON UNIT IUS IF IUG = IUR SETU 203
IC=MDATA(1) SETU 204
KI=MDATA(2) SETU 205
IH=NDATA(3) SETU 206

DO 381 K=1.5 SETU 207
IP(K)=NDATA{3tK) SETY 208
IDCK)=NDATA(BHK) SETY 209

381 IT(K)=NDATA(134K) SETU 210
385 IF (IC.NE.'R*) GO TD 444 SETU 211
C M1 = NORTHERN HEMISPHERE HONTH SETU 212
IF (SI.EQ.81) GO TO 390 SETU 213

c SOUTHERN HEMISPHERE MONTH SETU 214
IF (KI.EB.H2) 60 TO 400 SETY 215
CovvrsM2 = M1 4 6  UNLESS Mt = 42 = i3 SETY 216
GO T0 430 SETU 217

390 K5=1 SETU 218
GO0 TO 410 SETY 219

400 KS=-1 SETU 220
410 IF (IH.LT.95) [HR=(IH-20)/5 SETU 221
C IHE = HEIGHT INDEX SETU 222
IF (INJGE.95) IHR = 14 + (IH - 80) / 20 SETU 223

DO 420 J=1,5 SETU 224
K=5+KSe(J+ (KS~-1)/2) SETY 225
Coveosk = LATITUDE INDEX 1-5 = LAT ~90 T0 -10, 6-10 = LAT +10 T0 490  SETU 226
PROIMRKY =(IF(J)/1000, ) 412 SETY 227
DRCIHRIK) =(IB¢J) /1000, 442 SETY 228

420 TROIHRSK) =(IT(J)/1000,)282 SETY 229
430 CONTINUE SETY 230
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IF (HONTH.LT.13) 6O TO 440

Covos (ANNUAL NEAN CASE - RBOTH HEMISPHERES EQUAL

Do 435 1=1,20
DO 435 F1s9
Jio=11-J
PRIy J)=PR(1,J10)
IR¢Tr )=DR(I1J10)
TR( I D) =TR{Ts HO)

435 CONTINUE
60 T0 440

440 DO 450 I1=1,20
D0 450 J=1.10
PRCIvD = 04
IR(Ie ) = 04

450 TR(I+J) = 0.

Cyovo RANDDM SIGMAS ARE ZERDED IF IOFR=2

D0 455 I=1,25
Do 455 J=1,10
UR(I+4)=0,

455 UR(IrJ) = 0.
§0 T0 500

440 1O 490 I=1,325
IF (IUR.EQ.IUG) GO TO 462
READCIUR+445) ICsMIvIHsIFYID

C.... READS RANDON WIND STANDARD DEVIATIONS WITH FORTRAN READ FRON

C UNIT TUR IF IUR NEG IUG
465 FORMAT(1X,42+12+14,201X,514))
60 TO 467
442 CALL RTRAN
Cvves READS FROM UNIT IUG IF IUG = IR
IC=NDATA(1)
MI=NDATA(2)
IH=NDATA(I)
DD 461 K=1+3
IP(K)=NDATA(3+K)
461 ID(K)=NDATA(B4K)
447 IF (IC.NE.'RW®) 6O TO 666
C NORTHERN HEWISPHERE MONTH
IF (HI.EQ.N1) GO TO 470
£ SOUTHERN HEWISPHERE MONTH
IF (MI.EQ.H2) GO TO 475
60 TO 4%0
470 KS=1
60 70 480
475 KS=-1
480 IF (IH.LT.95) IHR=14IH/S
L HEIGHT INDEX
IF (IH.GE.95) IHR=1%4(IH-B0)/20
DO 485 J=145
C LATITURE INDEX
K=S4KSR(JH(KS-1}/2)
UR(CTHR K =( IP()RR2) 41,
485 VR(IHR«K)=(II(J)3E2) 81,
490 CONTINUE
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IF (HONTH.LT.13) 60 70 500

Coeor oANNUAL WEAN CASE - EDTH HEMISPHERES EQUAL
D0 495 I=1+25
b0 495 J=1,5
J1o=11-4
URCT 9 JY=URCT S J10)
W1 =UR(I,J10)

495 CONTINUE

C HOVES PAST IRD EOF ON UNIT IUG
IF(I0PR.EQ.2) 6O TO 900

300  READ(IUG,9999:END=501) IDUNKY
60 TO 500

501 CONTINUE
DO 840 I=1,25
IF(IUR,EQ.TUG) 6O TD 800
READCIUR,380) ICsMIsTHsIPsIDSIT

Covvs USES FORTRAN READ ON UNIT IUR IF IUR NEQ IUG
G0 T0 820

800 CALL RTRAN

CiovroREADS FROM UNIT IUG IF IUR = IUG
IC=NDATA(L)
MRI=NDATA(2)
IH=NDATA(3)
D0 B10 K=1,5
IF(K)=NDATA(34K)
IDCK)=NDATA(B4K)

810 ITIK)=NDATA(134K)

820 IF(IN\GT,90) IH=704(IH/4)
IH=14(1H/5)

IFCIC.NE.*F* ORIH.NELT) 60 TO 644
D0 830 J=1,5

PLR(I» J45}=1IP( 41 /1000,
PLP(Is6-1)=IP(J) /1000,

DLP (Iy H3)=ID(J)/1000,
DLPCIo4-23=ID( ) /1000,
TLP{T1J45)=1T(4) /1000,

830 TLP(I,4-1)=IT(J)/1000,

840 CONTINUE
DO 863 I=1+25 -
IFCIUR,EQ. TUG) GO TO 845
READCIUR»465) ICsHIsIHyIPYID
60 T0 355

845 CALL RTRAN
IC=NDATA(1)

KI=NDATA(2)
IH=KDATA(3)

DO 850 K=1,5
IP(K)=NDATA( 34K}

850 IL(K)=NDATA(B4K)

855 IFCIH.GT,90) IH=704(IH/4)
IH=14¢IH/5)
IFCI.MELINLOR.IC.NE.'PH*) GO TO 446
b0 B&Q J=1:5
ULP(Ty H3)=TP(J) /1000,
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860
865

848

870

875
880

883
g8a

8%0

892
894

874
893

90

ULP{Ts6-D)=IP(J) /1000,
VLR 49 =100 /1000,

YL (T06-0=1D(J) /1000,
CORTINUE

D0 883 1=1:20

IFCIUR.EQ. IUG) GO TO 870
READCTUR+B48) IC/MIs IHs IFs ID
FORMAT(1X¢A2+ 120 1422(1X9313))
GO T0 B89

CALL RTRAN

[C=NDATA(1)

MI=NDATACZ)

TH=KDATA(T)

10 B7S K=1+3

IFCK) =NIATACIHK)
INK)=NIRTA(BHR)
IF(IHLGT. 901 TH=704(IH/4)
TH=1+(IH/D)
IFCIH.NE.I.OR,IC.NE,*CS')GO TO 666
DO B85 J=1s5

UBS(Ts 451 =CIP()/1000.)
YBSIT+&-0)=CIP(1)/1000.)
YIS (T 45 = (1001 /1000,)
VIS {1y 6-4)=C1NCI} /1000, )
COMTINUE

I0 898 [=1:20
IF(IUR.EQ.IUB) GO TO 890
READCIURy848) ICs KT+ IHs IP ID
60 TO 894

CALL RTRAN

IC=HIATA(L)

HI=NDATA(2)

IH=NIMTA(S)

DO 592 K=113

IF(K)=NIATA (34K)
IDUKY=NOATACB4K)
TF(IHL6T.90) TH= 704(IH/4)
[H=14{IH/5)

IF (IH.¥, 1. 0K, IC.NE,"CL") B0 TO 666
[0 898 J=145

UNL{T 3450 =11F(J)/1000,)
UOL (T r8-J2=CIF () /1000.)
VDL (T H51=(1DC11 /1000, )
YD Ty é-D=(I0(J)/1000,)
CONTINUE

GO T0 910

[ 905 I=1+29

DD 905 J=1.10

PLR(L»0)=0,

DLR(Le-D=0,

TLR¢Tsd)=04

LAF(Ts.)=0,

VLR (T 0)=0,

yas(lrJ1=0,
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UDL Iy J)=0.
VBS(IyJ1=0.
VDL (IrJ)=0,
905 CONTINUE
Cov oo «MOVES PAST NEXT EDF ON TAPE
IF (I0PQ.EQ.2) GO TO 400
910 READ(IUGr?999/END=911) IDUMSY

GO 10 910

911 CONTINUE

Coevvr10PO=1 READS GRO PARAHETERSs T0PO=2 ZEROS THESE FARAMETERS
DO 330 I=1+18

IF (1U@.EQ.IUG) 60 TO 525
READ(IUGsS520) ICyIHyIX
CovvroREADS WITH FORTRAN FROK UNIT IUQ IF IUQ NEQ IUG
520 FORMAT (1XyA2y13,5(14,15))
G0 10 527 ‘
925 CALL RTRAN2
Covv s .READS FROM UNIT IUG IF IU@ = IUG
527 IF (IC.NE.*BP®) GO TD Aaé
IH = (IH-5)/5
BO 530 K1y3
Coovo.CONVERT FROM INTEGER FER MIL - QBO PRESSURE AMPLITUDE
PAR(IHs ) = IX(284-1)/1000,
CevssoQRO PRESSURE PHASE (DAYS PAST JAM 05 1944)
330 POA(IHYJ) = IX(20J)81,
bo 331 1 = 145
PAR(L, D) = 0,
331 CALL PHASE(PDR(2+1)115,yPDR(3+1)120,+PDR(1+1)¢10,)
D0 540 I=1,16
IF (IUQ.EQ.IU6) GO TO 535
READ (IUBv320) ICsIHsIX
G0 10 337
333 CALL RTRAN2
337 IF (IC.NE.*BD*) 60 TO 446
IH={IH-3)/35
DB 540 J=1+5
Co. CONVERT FROM INTEGER PER MIL - QBO DENSITY AWPLITUDE
DAB(IHsJ) = 1X{28J-1)/1000.
Covrs QRO DENSITY FPHASE (DAYS PAST JAN 0y 1964)
540 DDR(IHs N=IX(28J)%1,
[0 541 1 =1,5
DAR(L,I) = 0,
41 CALL PHASE(DD@(21)s15,D0@(3:1)120,+D0R(1+1)+10,)
D0 330 I=1,14
IF (1UQ.EQ.TUG) GO TO 545
READ (IUQs520) ICsIHsIX
60 10 547
545 CALL RTRANZ2
547 If (IC.NE.*OT") 6O TO 486
It = (IK- 5)/§
DO 550 J1s5
CvvvrsCONVERTS FROM INTEGER PER KIL - GBO TEMPERATURE AMPLITUDE
TAQ(IHyJ) = IX(284-1)/1000,
Covvy QB0 TENPERATURE PHASE
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330 TDACIKe D) = IX(22)%1, SETU 447

D0 351 1 = 1 SETU 448
TAG{1¢I) = 0, SETU 449

551 CALL PHASECTDR(2+T1 915, TI(3s1)920.»TDR1+1)+10,) SETU 450
[0 560 1=1:16 SETU 451

IF (IUQ.EQ.TUG) GO TO 355 SETU 452
C.oeroREADS WITH FORTRAN IF IUG NE@ IUG SETU 453
READ(IURyS20) ICsIHeIX SETU 454

60 10 537 SETU 455

555 CALL RTRAN2 SETU 456
CevvoREADS FROM UNIT IUG IF UG = TUG SETu 457
557 IF (IC.NE,"QU") GO TO 466 SETU 458
IH=(IH- 5)/3 SETU 439

D0 560 J=1s5 SETU 460

Cosoo EASTWARD WIND BRO AMPLITUDE - CONVERTED TC M/S SETU 461
UARCIHy ) = IX(2 % J - 1) 7 10, SETU 462
Cevv o+ EASTWARD WIND QRO FPHASE (DAYS FAST JAN 0» 1946) SETU 463
360 UDQCIHsJI=1X(23JI%1, SETU 464
D0 561 1 = 143 SETU 465
uAB(1:I) = 0, SETU 466

341 CALL PHASECUDR(291) 215, sUBR¢3s 1)+ 20, ,UDR(L+1)1104) SETU 467
Do 570 I=1+14 SETU 468

IF (IUQ.ER.IUG) GO TD 565 SETU 449
READCIUE,520) ICsIHsIX SETU 470

60 TO 547 SETY 471

565 CALL RTRANZ SETU 472
567 If (IC.NE.'QV*) GO TO 866 SETU 473
IH=(IH- 5)/3 SETU 474

DO 570 J=1s3 SETU 475

Covov oNORTHWARD WIND GBO AMPLITUDE - CONVERTED TO M/S SETU 476
VAR(IH,J) = IX(2 % J - 1} / 10, SETU 477

Cyvos JNORTHWARD WIND HBO PHASE (DAYS PAST JAN 0y1%46) SETU 478
$70 VRACIHs =IX(280)%1, SETU 479
DO SH I =15 SETU 480
VAR(T,I) = 0. SETU 481

571 CALL PHASE(VDR(2y1)15.,VD@(3s1)120.59DACL+])10,) SETU 482
68 10 611 SETU 483

400 DO 610 I=1,1U6 SETU 484
[0 610 J=135 SETU 485
PA(IJ) = 0, SETU 486
pAa(IsJ) = 0, SETU 487
TAQ{Isd} = 04 SETU 488
PDA(Isd) = 0, SETU 489
DBA(Isd) = 0. SETU 490
T08¢Isd) = 0, SETU 491
UAB(I, =0, SETU 492
upa{1,J)=0, SETU 493
VAR(I, =0, SETU 494
vop(I,J)=0, SETU 495

410 CONTINUE SETU 496
Cevvo JMOVE FAST NEXT EOF ON TAPE, SETU 497
411 READ(IUGs9979sEND=609) IDUMNY SETU 498
GO 1D 611 SETU 499

609  CONTINUE SETU 500
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CoooREAD IN SPHERICAL HARMOMICS COEFFICIENTS«tsssvververrnnraaes SETU 501

DO 615 IFR=1,MN SETU 502

DO 413 JFR=1.14 SETU 503
REARCIUGs840)IF1 o IF2y (IDUNCI) ¢ I=1,9) SETU 504

440 FORMAT(2X,1917) SETU 505
[0 413 I=149 SETU 506

613 UCOEF (¥R I)=FLOAT(IDUK(I))/100, SETU 507
00 612 JFR=1,14 SETU 508
READ(IUGs640) IF1yIF2+ (IDUM(I) 1 1=149) SETY 509

Da 612 I=1,9 SETU 510

612 VCOEF (JFRsI)=FLOAT(IDUNCI)) /100, SETU 511
415 CONTINUE SETU 512
Coeer ZERQS QB0 PARANETERS IF I0PQ = 2 SETU 513
CevesoREWINDS TAPE UNIT IUG SETU 514
REWIND IUG SETU 515

L SETU 316
621 R=H1 SETU 517
IF(H1.LT.25.) R=23, SETY 518

CALL RTERP(R ¢PHI1sPRyDRsTR15P1,SD1+5T1) SETU 519

CALL INTRUV(PLPyDLPyH1+PHI1,PLP1/DLFL) SETU 520

CALL INTRUV(TLPsDLPsH1sPHITsTLPLIR) SETY 521
SPIL=SQRT(PLP1XABS(5P1))%100, SETY 522
SF15=GGRT({1,-PLP1)$ABS(SP1))%100, SETU 523
SDIL=SGRT (DLP1¥ABS(5D1)) %100, SETU 524
SR15=GART((1.~DLP1)XARS(5D1))%100, SETU 325
STIL=SART(TLP1XARS(5T1))%100, SETU 526
ST1S=SORT((1,-TLP1)XABS(ST1))%100, SETU 527

CALL INTRUV(URsVRsH1sPHI1»SU1,5V1) SETY 528

CALL INTRUVCULP VLR HEsFHILotHP1,VLPL) SETU 529
SUIL=SORT (ULP12ABS(SU1)) SETU 530
SULS=SBRT ((1.-ULP1)#ABS(SU1)) SETU 331
SV1L=5ART(VLF13ARS(5V1)) SETU 532
SVIS=GART((1,-ULP1)$ABS(SV1)) SETU 533

CALL INTRUW( UDLsVDL H1yPHI1,UDLEsVDL1) SETU 534

CALL INTRUV(UDSsVDSsH1,PHI1,UDS1,VDS1) SETU 535
UDL1=UBL1%100, SETU 536
UDL1=YDL1%100, SETU 537
UDsS1=UDS1%100, SETU 538
UBS1=VDS1%100, SETU 539
WRITE(6+9001) RPIL+RDILsRTILsSPIL/SDILsSTILYRUILRVIL,SULL,SVIL, SETU 540
1*LARGE" SETU 541
WRITE(4,9001)RP1SsRD1SsRT1S,SP1SySDISySTISIRULSIRVIS SETU 542
1ySULS,5V15, *SHALL " SETU 543
WRITE(6+9002)UDL1VDL1,UDSE,VDST SETU 544
HRITE(599003) SETU 545
RPIL=RP1L/100, SETU 544
RDIL=RIL/100, SETU 547
RTIL=RT1L/100, SETU 548
SPIL=(SP1L/100,) SETU 549
SDIL=(5RIL/160.) SETU 550
STH=(5T1L/100.) SETU 551
RP15=RP15/100. SETU 352
RD1S=RD15/109, SETU 353
RT1§=RT15/100. SETU 554
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5P15=5P15/100, SETU 555

SD15=5B1s/ 100, SETU 5564
ST15=C715/10C, SETU 557
UDL1=UD 17309, SETU 558
UDL1=YRL /100, SETU 559
Unsi=Upst/100, SETY 560
VRS1=UBS1/100, SETU 541
WRITE(6:630) SETU 562
RETURH SETY 563
664 WRITE(42700) TUG+ TURy IUGs TOFR, JOPGsNR1NNCOP  TOTEN]  IOTEN2 SETU 564
SHONTH ICMT o THp TN TEX IR I 2T, 5[ SETY 565
700 FORKAT(® ERROR IN SETUP INPUT® /016 S13eT10+412:A2 130149 /91114y SETU D46
$/01014 710D SETU 547
1R SETU 568

530 FORMAT(27Yy "UNFERTURBED (MONTHLY HEAM)®»11X: *NEAN PLUS PERTURBATIOSETU 549
ING® 9Ky *THERNAL * 5 /0 23X 2(34( =)y 2X) y 3Xs "NIND" y Xy "PERTURBATION VASETU 570
JLUES®s o HEIGHT  LAT  MEST  PRES, DENS.  TEMP GEDSTROPH.SETU 571
3 PRES. DENS,  TEHP TaTAL SHEAR' 792X *(KM) "+ 11X+ *LOSETY 372
4N X (NT/ (K6/  (DEG WIND (M/S)  (NT/ (KG/  (DEG SETU 573
SHIND (M/5)  {M/S/KM) '928¢°-*1,/+" TIME  (DEG) (DEG)*»2(*  MKXSETU 574
62y pdy  KEL- pI00°-M) 02BNt P B T U Y SETU 575
7 oW/t i3ED) ' ISKUINY  E-M M-S%.20X.*VINY  E-N 0 M-S E-W NSETU 578
8-S (X Ly (%) WS WS CH/R') SETU 577

9000 FORMAT(® GROVES JNPUT UNIT = *,I2.T43, "RANDOM INPUT UNIT = *,I2, SETU 578
1783, 0RO TNHFUT UNIT = *5I12y/0 % A-I0 INPUT UNIT = *9]2+TA3y "RANDDM SETY 579
20FTION = *+12,783, QRO OFTION = *»{2:/y" FIRST RANLIOM NUMBER = *,SETU 380
213y SETU 581
X¢y"  NeiC REAL OPTION = *'9I12,743,°4-D oI T DATA SCRATCH UNIT = °y SETU 582
AT /" MHC GRID POINTS SCRATCM UNIT = *»I2+T42.' JULTAN DATE = *» SETU 583
S0 1) SETY 584

9001 FORMATCY  INITIAL FoBeT = h3(F62y" % *)sT40"SIGHA PoDyT = *y SETU 585
13FACI T X "dedy® INITIAL ¥ = "42(F7.24% K/5  ')yT40¢"SIGMA SETU 584

el = H2FT L K/S 'Yy TXeASs1Xe "SCALE'S) SETU 587

G003 FORRAT(//7* 3% PERCENT DEVIATIONS FROM 1962 U5 STANDARD * SETL 588
{ «"ATHMGSCHERE APPEAR RELDW PRESSURE, DENSITY AND TEMPERATURE *»  SETU 589

2 'UALUES xxtss) SETU 390

R002 FORMAT(®  THITIAL UDLsVRL = "2 2{F6.29" 2 ')y SETY 591
1740, ' INITEAL YRS,VDS = "5 2(F6.2." X ")} SETU 592

Enn SETU 593
SURRDUTING SORTA(NF) SORT |

e SORT 2
C S0RTS POINTS FOR SERUENTIAL TAPE READING SORT 3
C SORT 4
L ASSTGNS PDINT NUMBERS BY (ORDER OM TAPE, NOT KY GRID SORT 5
C SORT 4
COMMON /ORDER/ IPT (143} ¢ IREAD(SS, 3! SORT 7

€ SORT 8
003 I=1463 S0RT 9

1 t=1ed SORT 10

I IREARCT- =0 SORT 1%

PO 7 I=1.MP SORT 12
IF(IPT4I8).LT.1) 60 TO 10 SORT 13
TEATPT(2.50,28.1) GO TD 9 S0RT 14
IPOIRTON, SRR Y 60 TR 2 S0RT 13
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C

[FCIPT(I»5).ER.3) GO TO 4
IFCIPT(I,3),EQ.1133)60 TO 4
[FCIFTLLNS)ER221Y) 6O TO 7
IFCIPT(1+5).ER.2212)60 TO 8
IF (IFT(I»3).EG,333) 60 T0.4
60 10 10

2003 J=1.4
IFCIPTC(Ey 1) WLT V1) 60 TO 3
IPT(IyD=IPT(I, 014288

3 CONTINUE
6o 10 ¢

40035 J=1+4
IFCIPT(I»J)WLT1) GO TO 5
IFT{Iy D) =IPT(19J) 42265

5 CONTINUE
60 T0 ¢

6 TFUIPT(I 1) 6T 0V IPTUT»1)=IPT (14 1) 42245
IFCIPT(Is2) 6T, OXIPT(1e2)=IPT(1) 2042265
6070 9

7 IF(IPT(I+3),GT, 0} IPT(I»3)=IPT(I+3)4288
IFCIPT(I+4) GT.0}IPT(I,4)=1PT(I,4)+288
G0 70 9

8 IF(IPT(I 1) 6T O IPT(I 1) =IPT(I+1)4288
IFCIPT(I43) 46T OMIPTCI3)=IPT(I,3)+288
IFCIPT(I,4), 6T, 0)IPT(I+4)=IPT(],4)$288

? CONTINUE

REORDERS FOINT NUMBERS FOR READ

10 IR=0

DO 13 K=1.NP

00 13 L=1s4
HP=IPT(KsL)
IF(HP.LT.1) 60 TO 13

11 1I=K

Jd=L

0 12 I=1,N¢F

DO 12 J=1,4

IF (IPT(I» )\ LT.1) 60 TO 12
IF(IPT(I»J).6T.34%0) GO TO 12
IFCIPT(Is )W GE,NFP) GO TO 12
I1=1

Ju=J

HP=IFT(IJ)

12 CONTINUE

IFCIPT(ILyJJ) 6T, 3490) GO TO 14
IR=1R+1

IREAD{IRs =11

IREAD(IRy2)=JJ

IREADCIRs 3)=IPT(1I,JJ)

IPT(ITy JNI=TPT(1IJ) #9000
KP=IPT(K.L)

IF(XP.6T.3490) 6O TO 13

60 T0 11

D-69

SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
S0RT
50RT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
S0RT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT

16
17
18
19
20
21
22
23
24
25

)
rs

27
28
29
I
3

o
&

3
H
35
3
3
18
39
40
41
42
43
44
15
4
47
48
49
50
51
52
53
54
55
56
57
58
59
60
41
62
43
44
65
86
67
48
89



13 CONTINUE
14 RETURN

10

4
t

t 4,0704£-8.

END
SUBROUTINE SPHERE (MNs IHsPHIR> THETRsUSsVS)

COMMON/CHIC/DUM(18) s IMSYMsUCOEF (14, 9) s VEGEF (14,49)

DIKENSION 2(%)

COSPHI=COS(PHIR)

COSTHET=COS(THETR)

SINFHI=SIN(PHIR)

SINTHET=SIN(THETR)

Lih=1,

Z{2)=SINPHI

713)=COSTHETCOSPHI

Z(4)=SINTHETZCOSPHI
Z(5)=(IX(SINPHI®X2)-1)/2,
Z{41=COSTHETR( IXCOSPHIXSINPHI)
Z(7)=SINTHETR(3RCOSPHIRSINPHI)
2(B)=(2¢(COSTHET ) x%2-1) 8 (Ik(COSPHI ) ¥%2)
(M) =(ZASINTHETRCOSTHET ) X (3K (COSPHI) #32)
IH5=IH/3-4

IFR=9

IF{IH.GT.65) IFR=4

4s=0,

¥5=0,

Do 10 I=1.IFR

US=US+Z (1) XUCOEF (IHSs 1)
VS=US+Z(I)¥VCOEF (TIN5 )

CONTINUE

RETURN

END

SUBROUTINE STDATM(ZsTePsIt)

DINENSION 75(35),TMS(35)+NNS(35)5P5(35)

DATA (IS(D)+1=1,35)/0.s 11,019y 20,063y 32,162y 47,35
4 520429! 6105917 7909441 9007 950! 1000! !OSQ' 1104y 1150!
¥ 12049 13505 150.¢ 1954y 1604s 165.r 1704s 1804+ 1904y 210.s
¥ 2304y 265,5 300,y 330.s 400.s 430,s 500.5550.+600.1 850.» 700./ STDA

SORT
SORT
SORY
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
SPHE
5TDA
5TDA
STDA
STDA
5TDA

DATA (THS(I}s]=1,35)/288,13y 216,639216,65r 228,45 270.859270.,65:STDA

¥ 252,65+ 180,85y 180,459 045 210,65 0r 260.65r Ovr 360,65y

¥ 0oy 960.85s 00r 1110.65» 00r 121065+ 0.v 1350.85s 0.9 1350,83y
¥ 0.0 1830.65¢ Ous 2160,65¢ 04s 2420.63y 04r 2590.,851 040

¥ 2700.65/

[ATA (WHS(1)91=1135)/28,9644, 28,9644y 28,9644, 28,9644 28,9644,
28,9644, 28,9644, 28,9644, 28,9644, 28.94, 28,88y 28.73r 28.36¢
28,32y 28,07y 27,37 26492y 26,79 26,661 26,520 26,45y 26415y
25.830 25,27+ 24,69y 23,67y 22,66y 21,24y 19,94y 18,821 17,94,

2 17,7 16.84r 16,505 16,17/
DATA (PS(T)1=14353/1012.25y 226,32y 54,7487 8,68014y 1,10905,

590005, (182099 1.0377€-2¢ 1.6438E-3s Ouv 3.0075E-4y 04y

¥ 7, 3544E-59 0. 2.5217E-5s 04y S.0817E-6y Qur 3,6943E-6r Q4

1 27928669 0. 1685266y (e 6.9604E-7y 0.y 1,B8I8E-7r Q4

Cur 1.0997E-8y Ovr 3.4502E-95 Q.+ 1,1918E-9/

IFZ AT, 00 6D TO Bt
RD=4356.26
G0=9, 02046

n-70

STDA
SThA
STha
STDA
5TDA
STDA
STDA
SThA
SThA
5TDA
5704
5T0A
STDA
STDA
SThA
STDA
SThA

70
7
72
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WKD=28,9544
RS=8314,32
ZH=231000,
ROM=6334340,
IF(Z,GE.90.) GO TO &
b2 3 I=1,8
IFCZS(D)LE.Z,ANDJ Z\LT ZS(I41)) GO TO 5
3 CONTINUE
3 ZL=INT(ZS(1) )31,
ZU=INT(ZS(I+1))%1,
ILM=ZL¥1000.
ZUN=7U%1000,
IFCI,EQ.8) ZU=88.743
WH=WH0
HT=(R0O%Z)/(RO+2)
HN=HT*1000,
G=(THS(I41)-THS(1))/(ZU-2L)
6H=63.001
IFC6.LT,0,,0R\G.6T,0,) GO TO 12
P=PS(1)$EXP (~(GOXWNOR (HN-ZLM) )/ (RSKTHS(I)}) %100,
60 TO 13
12 P=FSCT)XCCTHS(I)/CTHS(I)4GRCHT-ZL) ) ) 3% ( (GOXWNO) / (RSHGH) ) %100,

13 T=THSCT)4GR(HT-ZL)

G0 10 25
6 D0 7 1=9,33,2

IF(ZS{D) o LE,Z.ANDVZLLT.IS(I42)) 6O TO 8
7 CONTINUE

81 T=0,

P:OO

D:o '

RETURN

8 ZL=25(D)

LU=15(142)

ZLK=ZL%1000,

ZUN=ZU31000.

ZRID=1S(141)

AD=WNS(I)

A2=-2, 12, SUMS(T41)-MMS(I42)-A0)/ ((ZU-ZL) %32, )
Al=(WHS(142)-A0-A2R((ZU-ZL)HK2,) )/ (ZU-2L)
UN=ADHAIRCZ-ZL HAZR (L Z-2L )X02,)
G=(THS(142)-THS(D))/(28(142)-18(]))

bGH=6x, 001

TK=ZLN-(TNSC1) /GM)

S=(WHORGOIRONSROK ) / (RSXGH)
A=C(ROKEZN) 8 (ZLN-TK) / (CIN-TK) $(RONHZLND ))
B=(S/((TK{RON)%%2.))
P=PS(IX(CCRONAZN) B CZLN-TK) /7 ( (ZN-TK) R (RONFZLN) ) YRR(S/( (TK+RON)
1332, )0 XEXP ( (-SXCZULK-ZK) ) /€ (TKARON ) K( ZH4RON) X (ZLN4RON) ) ) 2100,
TH=THS(1)468(Z-I5(1))

T=(Wi/WKD ) &TH

23 D=(RHIP)/(RSET)
26 RETURN

END
SUBRDUTINE TINF

D-71

5T
SThA
STDA
STDA
SThA
5ThA
SThA
SThA
STDA
STDA
STDA
STDA
5TDA
STDA
STDA
SThA
SToA
STDA
5TDA
5104
5TDA
STDA
STBA
SThA
STDA
5TDA
5Tpa
STDA
STDA
SToA
STDA
5TbA
5TbA
STDA
ST
STDA
STha
STDA
§T0A
STDA
SThA
5TDA
STDa
STDA
STDA
STHA
SThA
STDA
SThA
STDA
STa
5104
5ThA
TINF

25
2
27
28
29
30
3
32
13
3
35
3
37
38
3
40
#
2
43
44
A5
4
47
48
49
50
51

2

33
34

=
J

34
57
38
39
80
61
&2
83
84
65
66
67
68
49
70
N

2
4

73
74
75
76
77



COMMON/ TQTENP/ IOTEN1 » TOTEN2 TUGy NNCOR s DD+ XNIDy PHI1s PHI TINF

. NGANE+RF1, RDM» RTiy SF1s SD1y STs RULy RV1s SULy SVI,TINF

$ MNy I0As IYRe Hiy FHI1R¢THETIR:GsRIyH:PHIR:THETRsF109F10Rs6L,  TINF

. THReMIN, NHORE DX oHL VLo IiZ TINF
CONNON/COMIAC/ ALAT 1 XLONG + SDAs SHAS DY +Ry TE EH TINF

C TINF
O SURDUTINE TIMF CALCULATES THE EXOSPHERIC TEMPERATURE ACCORDING TO JATINF
C SAD M. 213 11970, TINF
C TINF
C LIST TINF
€ F10 = SOLAR RANID NOISE FLUX (XE-22 WATTS/M¥22) TINE
€ F10B= 31-DAY AVERAGE F10 TINF
C 61 = GEDMAGNETIC ACTIVITY INDEXsAP TINF
C LAT = GEOGRAPHIC LATITUDE AT FERIGEE (IN RAD) TINF
£ SDA = SOLAR DECLINATION ANGLE (IN R&D) TINF
C SHA = SOLAR HOUR AMGLE TINF
¢ ny = B/Y (IN&Y NUMBER/TROPICAL YEAR)? 1 TINF
C k£ = 0,31 (DIURNAL FACTOR) TINF
C TINF
C CONSTANTS -- [=SOLAR ACTIVITY VARTATION. BETA,ETC. = DIURNAL VARIATITINF
C D=GENRAGNETIC VARIATION, E=STHIANNUAL YARIATIOM. TIN
c TINF
1 = 383.0 TINF

2= 332 TINF

3= 1.80 TINF

C TINF
PI = 3,14159245 TINF

CON = 0,01745329252 TINF

BETA= -37,0%CON TINF
GAMMA= 43,0XCON TINF

P o= 6.08CON TINF

NN = 340 TINF

C TINF
D= 28.0 TINF

2= 0.03 TINF

p3 = 1.0 TINF

n4 = 100.0 TINF

D5 = -0.08 TINF

C TINF
El = 2,41 TINF

£2= 0.349 TINF

E1 = 0.206 TINF

E4 = 360.3CON TINF

E5 = 226,5XCON TINF

E& = 720.4CON TINF

E7 = 247.61CON TINF

£8 = 0.1145 TINF

9= 0.5 TINF

E10= E4 TINF

F11= 342, 3%CON TINF

Ei2= 2,16 TINF

C TINF
C 30LAR ACTIVITY VARIATION TINF

o~ O~ N e N

11
12
13
{4
15
16
17
18
19

o]
rs

21
22
23

n
r's

o
&

3
<

27
28
29
30
A
32
33
34
35
36
37

39
40
a1
42
a3
44
45
46
&7
48
49
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51
52
53
54
55



C TINF
TC = C1 + C2¢F10k + CIX(F10 - F10B) TINF
L TINF
£ DIURNAL VARIATION TINF
o TINF
ETA = Q. SXABS(XLAT - SDA) TINF
THETA = 0.9¥ABS(XLAT + SDA) TINF
TAU = SHA + BETA + PRSIN(SHA + GAMMA) TINF
TPI=2%F1 TINF
IF(TAU) 21042304230 TINF
210 IF(TAUHPTY 22042504250 TINF
220 TAU=TAU4TPI TINF
G0 T0 210 TINF
230 IF(TAU-PI) 250+250,240 TINF
240 TAU=TAU-TPI TINF
60 T0 230 TINF
250 CONTINUE TINF
Al =(SIN(THETA) YSXXH TINF
A2 =(COS(ETA) ) s3XM TINF
A3 =(COS(TAU/2.) YRXXNN TINF
Bl = 1,0 + ReAl TINF
B2 =(A2-A1)/B1 TINF
TV = Ri%¢ 1. + REB2XAD) TINF
TL = TCATY TINF
C TINF
C GEOMWAGNETIC VARIATION TINF
C TINF
T6 = D3¥GI + DAR(1-EXP(DS4GI)) TINF
c TINF
C SEMIANNUAL VARIATION TINF
C TINF
63 = 0,54(1.0 + SIN(E10KBY +E11) ) TINF
63 = GIAREL2 TINF
TAUL = DY + EBX(63 - E9) TINF
51 = E2 + EIX(SINCEAITAUL + ES)) TINF
62 = SIN(EGRTAUL E7) TINF
75 = E1 + F10BXG1%G2 TINF
I TINF
€ EXOSPHERIC TEMPERATURE TINF
C TINF
TE=TL+T6+178 TINF
RETURN TINF
END TINF
SURROUTINE THE THE
COMMON/COMJAC/ XLAT » XLONGySDA»SHAYDY sRy TrEM THE
CONMON/IOTERP/ TOTENS » IDTEMZ» TUGyNKCOP + DIis XK JDs PHIL ¢ PHI » THE
. NSAMEsRPLs RD1s RT1» SF1s SD1s ST1s RULy RV1e SlHs SVIsTHE
4 WNy» ID&s IYRy His PHILRyTHETIR+GrRIvHyPHIRyTHETRyF10+F10B+AF THE
v THRyMINy NMORE s Xy HL UL, DZ THE
L THE
CLIST THE
C INPUT THE
L MN=MDNTH. 10A=DAY. IYR=HEAR. HR = HOUR. MIN = MINUTE THE
C  ¥LAT = LATITUDE (INPUT-GEDCENTRIC LATITUDE.} THE
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XLONG= LONGITUBE (INPUT-GEOCENTRIC LONGITUDE. OUTPUT -180 TO + 130)TME
ouTPUT THE
SDA = SOLAR DECLINATION ANGLE (IN RAD) THE
SHA = SOLAR HOUR ANGLE (IN RAD) THE
DD = DAY MUMBER FROM 1JAN. THE
DY = DD/TROFICAL YEAR THE
THE

TNE

SET CONSTANTS THE
THE

YEAR = 3465,2422 THE
YR=IYR THE

& Iy = DI/YEAR THE
30 FMJD = XMJD - 2435839, THE
THE

COsFUTE GREENWICH MEAN TIME IM MINUTES GMT THE
THE

XHR =THR THE
XMIN = MIN THE
GHT = 40XXHR + XMIN ™
THE

COMPUTE GREENWICH MEAN POSITION - GF (IN DEG) THE
THE

XJ = (XMJD - 2415020,0)/(36525.0) THE
A1=99,4709833 THE

A2 = 38000,74854 THE

A3 = 0.00038708 TNE

A4 = 0,25068447 THE

GF = Al + AZEXJ + AJEXJRXJ + A4IGHT THE

N = GP/360., THE
XN =N THE
GF = BF - XN¥340, THE
THE

CONPUTE RIGHT ASCENSION POINT - RAF (IN DEG) THE
THE

IST CONVERT GEOCENTRIC LOMGITUDE TO DEG LONGITURE - WEST NEG $ EASTME
THE

IFACT = XLONG/180, THE
XFACT = TFACT THE
XLONG = 360. # XFACT - XLONG THE
THE

FAP = GF + XLONG THE

= RAP/J40, THE
WNo=H THE
RAP = RAP - XNA340, THE
THE

COMPUTE CELESTIAL LONGITUDE - XLS (IN RAD) - -PI/2 TO #PI/2 THE
THE

Bt = 0.017203 THE

B2 = 0,0135 THE

B3 = 1.410 THE

T4 = RUFFNID TKE
ALS = Y1 + B2ASIN(Y1) - B3 THE
TPI = 5,28318 TME

12
13
14
15
16
17
18
19
20

9
&~

22
23
24

Al
L

26

s
&

28

]
&~
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s
4

13
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9
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4
42
3
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(3]

(o]

[-ar ]

(o ]

= XLS/TPI
N=N
JLS = XLS - XNXTPI

COMPUTE SOLAR DECLINATION ANGLE - SDA (IN RAD)

B4 = (TPI/340.)%23,45
§Da = ASIN(SIN(XLS)XSIN(RA))

COMPUTE RIGHT ASCENSION OF SUN - RAS (IN RAD) - -FI/2 TO #P1/2
RAS = ASIN(TAN(SDA)/TAN(B4))

FUT RAS IN SAME QUADRANT AS XLS

PI = 3.14159243

PI2 = P1/2,

FI32= 3.%P12

RAS = ABS(RAS)

TENP = AES(XLS)

IF(TESF - PI2) 13041304100
100 IFCTEMP - FI) 10551055110
105 RAS = PI - RAS

60 T0 130
110 IF(TEMP - PI32) 1159115+120
115 RAS = PI + RAS

GO TO 130
120 RAS = TPI - RAS
130 IF (XLS) 135:140+140
135 RAS = -RAS
140 CONTINUE

CONPUTE SOLAR HOUR ANGLE - SHA (IN DEG) - -

SHA = RAPX(PI/180.) - RAS
IF(SHA) 210+230,230
210 IF(SHAYPT) 2205250,250
220 SHA=SHA4TPI
60 70 210
230 IF(SHA-PI) 2501250240
240 SHA=SHA-TFI
60 10 230
250 CONTINUE

RETURN
END
SUBROUTINE WIND

COMNON /WINCOM/RHDOFCORY  DXSs DYSePXsPY s PXXsPXYPYYslyVy  ToTXsTYs

$  DUyDV,PUPRE» VPRE s DUPRE » DVPRE

COMMON /IOTEMP/DUMI(7)+PHI»DUN2(11) 9NN 1DK2A(S5) sGsRyHsPHIRy
$THETR s DUM3(13) 1 FLAT
COMMON/CHIC/DUN(18) » INSYNsUCOEF (14,9 VCOEF (149)
ABSPHI=ABS(FHI)

IF (RHO.GT.0.,AND.ABSPHI .6T.0.) GO TO 20
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&9
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31

=0,

v=2a,

IF(ABSFHI  LE,0) GO TO 31
RETURM

FCORX = FCORYRINS/DYS

U = - PY/(FCORYRRHO)

¥ = PX/(FCORX$RHO)

DU = -(GXTY)/ (FCORYXT)

RV = (GATX)/(FCORXRT)
IFCHAGT, 20, AN HLLT V95, )60TC 99
IF(ABSFRI,GE . FLAT) RETURN
U=UPRE

V=UPRE

DU=DUFRE

DY=DVPRE

RETURM

CO’OSFIHERICQL HAR“UNICS SECTIONQ.!OOOFDQQI00500000bl0'||'00l000040000

9¢

TH=INT(H1

IF(IHLLE.25)GOTO 130
IFCIMLGE.$0)60TD 140

IHI=93THT(H/ 5.0

IHZ2=IH145

CALL SPHERE(HNsIH1sFHIR THETRsUS+YS)
CALL SPHERE (MN+ TH2sFHIRs THETRyUS2,V52)
FACS=(H-IH1}/3,

U=US+US2-US)RFACS

V=54 (U52-5) XFACS

Dy=¢U82-t5) /5000,

QU=(yS2-US} /5000,

RETURN

CovoLOW ALTITURE FAIRING
130 CALL SPHERE (KN»23:PHIRs THETRsUS,YS)

FACS=(H-20,)/3,

FACG=1.-FACS

U=FACGRU+FACSEUS

Y=FACGXV4FACSHVS

CALL SPHERE (MM130sPHIRy THETRUS2,V52)
DUS=(US2-U5) /5000,

IWS={V52-V53/5G00,

RETURN

Cvo 'HIGH ALTITUDE FAIRING
140 CALL SPHERE (MM 90sFHIRs THETRsUSIVS)

FACS=(H-%0.)/5,
FACG=1.-FACS
U=FACSRU+FACERYS
V=FACSKViFACGRYS
CALL SPHERE(KM+85sFHIRs THETRrUS2+¥52)
IUS=(US-US21 /5000,
[W5=(VS-VS) /5000,
[U=FACGXDU+F ACSRDUS
IV=FACGAIVAFACSEIIVS
RETURN

END
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APPENDIX E

SUMMARY OF PROGRAM CHARACTERISTICS
(Program Operating Environment)

Hardware

a. Computer - Univac 1108 (implemented at Georgia Tech on the CDC
Cyber 74 System)

‘b. Core Requirements - Approximately 80K on the Georgia Tech CDC.
The CDC System routines require more COre than the Univac rou-

tine so there is no comparison between the system. See Section
5.1.

c. Mangetic Tapes - A1l 4-D data tapes are 7 tracks. Proper and SCIDAT
data tapes are 9 track. Tapes required are:

1 program tape (if the program is stored in UNIVAC COPOUT tape
format), 1 "SCIDAT" data tape (see Section 4.2y, from 1 to
4 4-D data tapes, depending on the number of months to be used
under control of one run card (see Section 4.1 and Appendix B).
d. Card Punch - not required unless optional card output 1s desired.
e. Plotter - none required
£ Drum or Disk - 2 temporary drum or disk files are required. No
permanent drum or disk files are created by a proaram run unltess

optional non-print output is generated as 2 permanent disk or
drum file.

g. Other Hardware - none

Software

a. Operating System - UNIVAC EXEC 8 (Georaia Tech version is CDC Nos 1.3)

b. Language - FORTRAN IV (UNIVAC FORTRAN V)

c. Type of Run - Batch

d. Library Subroutines - NTRAN and FLD are UNIVAC subroutines. NTRAN
reads 36 bit binary integer woods records. FLD manipulates word
bits and is used to break up 4-D data tape 36 bit words into two
18 bit integer words.

e. Program Overilays - (Optional) - see Section 5.1

Program Specifications

a. Common - See Sections 5.2 - 5.4
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Program Specifications {(cont'd.)

b. Program Segments - See Sections 5.2 - 5.4
C. Program Subroutines - See Section 5.1

d. Listing - See Appendix D

e. Flow Charts - See Figures 5.1, 5.2, 5.3
f. Sample Input - See Appendix C.

9. SampTle Output - See Appendix C.

h. Diagnostic Messages - See Section 4.5
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